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DEPENDABLE CHLORINATION 
| at seventy miles an hour... 


SEVENTY miles an hour—one hundred and three feet per over every detail of design and manufacture. But the rest 


second—is the overage water velocity through the injector is a great Chlorinator—an equipment we are proud to sl 
throat of co W&T Chlorinator. To find a material which would and you will be proud to own, an equipment designed and 
withstand the erosive action of this constant high velocity, built to fulfill every requirement for the accurate, depend 
W&T engineers searched the morket, made exhaustive able control of chlorination. 

tests, tried out every available material. Finally, they found The very nature of the task Chlorination has to do warren 


it—a materia! equally resistant to the erosive action of the the best equipment. When the choice is up to you, be swt 


weter ond fe the corrosive action of chlorine solution, a you specify W&T—your reward will be constant depend: 
material which would last for years and yet one which could ability, micrometric accuracy and negligible maintenance 


be machined with the high degree of accuracy required. expense. 


Expensive—yes—this constant research, this high standard Ask for Technical Publications 
Of the best material money can buy, this rigid supervision describing W&T Chlorinators. 


‘WALLACE & TIERNAN CO. inc. 


Manufacturers of Chlorine and Ammonia Control Apparatus 
NEWARK, N. J. Branches in Principal Cities 
t “The Only Safe Water is a Sterilized Water” ° 
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IMPROVEMENTS IN THE SOAP SOLUTION METHOD. , 
FOR DETERMINING HARDNESS OF WATER 


By K. W. Brown P. A. 

In recent years there has been a growing need for a rapid and 
fairly accurate method for determining the caleium and magnesium 


ee 

content and the total hardness of natural waters. Especially is 
res this true of lime and soda softening plants where so much depends 
= on proper control of the treatment process. Without that control 
pend results are erratic, chemicals are wasted, and efficiency in general is 
greatly reduced. 
J 
os AVAILABLE METHODS FOR DETERMINATION OF TOTAL HARDNESS 
Once 


At the present time the laboratory methods available for the 
determination of total hardness may be summarized as follows: 

1. Gravimetric. This method, of course, is that of making a 
complete mineral analysis and computing from the calcium and 
magnesium values the total hardness. of the water. 

2. Standard Soap Solution. The familiar procedure as given in 
standard methods of water analysis. 

3. Hehner Method. A titration method involving the determina- 


A paper presented at the California Section meeting in Sacramento, Oc- 
tober, 1937. The authors are K. W. Brown, Sanitary Engineer, and P. A. 
Villarruz, Chemist of the California Water Service Co., Stockton, California. 
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_ tion of temporary hardness with sulphuric acid and permanent 
a hardness with sodium carbonate. Results are approximate only, 
due to the solubility of calcium and magnesium carbonates, 

f 4, Pfeifer and Wartha Method. A titration method using sodium 

_ hydroxide for the precipitation of magnesium, and sodium carbonate 

_ for the precipitation of calcium. Results are approximate only, due 
to the solubility of calcium carbonate and magnesium hydroxide, 

5. Blacher Method—Suter Modification. This is also a titration 
method and is based on the precipitation of calcium and magnesium 
with potassium palmitate. It is not especially satisfactory due to 
the difficulty in obtaining a sharp endpoint. 

6. Alkaline Phosphate. A comparatively complicated method 
using sodium phosphate for the precipitation of calcium and mag. 
nesium and titrating excess phosphate with hydrochloric acid. 

7. Potentiometric. A relatively untried method calling first for 
precipitation of calcium as the carbonate and magnesium as the 
hydroxide. This in turn is followed by potentiometric determina- 
tion of the excess sodium carbonate and hydroxide. 

Each of the above has certain advantages, yet none of them, or 
any combination of them, is entirely satisfactory. In other words, 
they fail to meet the present need for a method whereby it will be 
possible to determine quickly and accurately either calcium or 
magnesium, or both, and total hardness. The prime requirements are 
speed, simplicity, accuracy, and adaptability to the control of lime 
and soda softening plants. With these ideas in mind we have con- 
centrated on the soap solution method, as it, above all others, 
seemed to be the most promising from the standpoint of simplicity 


and general utility. 
STANDARD SOAP SOLUTION 


Castile soap, which is used in the preparation of standard soap 
solution, is actually sodium oleate and is made from pure olive oil 
and sodium hydroxide. When an alcoholic solution of the soap is 
introduced to water containing calcium and magnesium, precipita- 
tion takes place immediately, resulting in the formation of insoluble 
calcium and magnesium oleate. The reactions involved are quanti- 
tative in character and thus seem to indicate that the solution could 
be used for an exact determination of the total calcium and mag- 
nesium. Actually, however, there is a possibility of interference by 
other ions and by other factors, both physical and chemical. 
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Preparation of Standard Soap Solution. When prepared accord- 
ing to the directions given in standard methods of water analysis, 
soap solution deteriorates rapidly and tends to cloud or coagulate 
during cold weather. To correct this deficiency and obtain a more 
stable and reliable solution, we have developed the following modifi- 
cation of the prescribed technique: 

Make a stock solution by shaking 100 grams of pure _ 
powdered Castile soap in one liter of 80 per cent ethyl al- 
- eohol. Let this solution stand a day or two and decant 
or filter through a glass wool filter. Determineitsstrength 

by titrating against a solution of calcium chloride which is 
made up so that 1.0 ml. equals 0.2 mg. of calcium carbonate. __ 
_ Then dilute with 70 per cent ethyl alcohol so that 6.4 ml. | 
of the resulting solution is equivalent to 20 ml. of the stand- 
ard calcium chloride. Shake vigorously for a few minutes 

and then let the solution stand in a refrigerator for several 
_ days. Storage at the refrigerator temperature causes un- sy 

_ dissolved colloidal particles of soap to coalesce and subside — 
flocculent form. Filter resulting solution through No. 
| paper, preferably in the refrigerator if space is available. _ 
The resulting filtrate is a stable solution which does not de- 
 teriorate and coagulate on further standing. 
Standardize the filtrate as follows: Place exactly 20 ml. __ 
of calcium chloride solution (1 ml. = 0.20 mg. CaCO;) in 
4oz. oil sample bottle, and dilute to 50 ml. with carbon 
_ dioxide free distilled water. Add the soap solution in small __ 
amounts at a time, beginning with about 0.7 ml. and cutting 
to 0.5 ml. when soap suds first appear. When the end-point 
approaches, cut the soap to 0.2 ml., and finally to 0.1 ml. 

a time. 

After each addition of soap solution, hold the bottle at 
the stopper end and shake it vigorously along the long axis. 
Then hold the bottle in a horizontal position with both 
hands, each hand holding one end of the bottle, and give 
it a quick jerk or two in an upward and downward direc- 
tion. The combined action of shaking and jerking is 
extremely important, as it induces formation of the soap 
films by which the final end-point is easily identified. ' 

Approach of the final, or total hardness end-point is 

_ indicated by a lather and film formation which breaks down, 
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or begins to break down, within a minute or two after shak- 
_. ing and jerking the bottle. With the bottle resting hori- 
- \gontally on a table or bench, the final end-point is marked 
by a fairly dense lather formation, usually about a quarter 
of an inch deep, which covers the entire surface of the water, 
___ Extending upward from this lather to the top inside surface 
sof the bottle are perpendicular, or nearly perpendicular 
ss soap films which form cell-like structures between the lather 

=. = and the glass. These cells, at the final end-point, are sharp 


and distinct and remain unbroken for at least three minutes. 
The calcium chloride solution used in standardizing the soap solu- 
tion has a hardness equivalent to 80 p.p.m. of calcium carbonate, 
On that basis, the strength of the soap solution can be computed as 
follows: 


w 80 _ J} p.p.m. of hard- 
1 ml. of soap = No. ml. of soap — lather factor { ness as CaC0, 


By lather factor is meant that amount of soap solution required 
to produce a permanent lather in a 50 ml. portion of distilled water. 
This factor is usually around 0.7 ml. No attempt is made to fol- 
low the standard methods procedure of diluting the soap solution 
so that 1 ml. is equivalent to 1 mg. of calcium carbonate. It seems 
better instead to use a more dilute solution and determine the 
strength by standardizing according to the above procedure. Re- 
sults are believed to be more accurate when the soap factor for a 
50 ml. sample varies between 13 and 15 instead of exactly 20, as 
called for by standard methods. 

Effect of Hydrolysis. Hydrolysis starts when the strength of the 
ethyl alcohol used as a solvent is around 24 per cent. In standard 
soap solution the strength is about 70 per cent. Now, if 1 to 8 ml. 
of the standard solution are added to 50 ml. of water containing a 
few drops of phenolphthalein, the water turns pink, indicating 
hydrolysis and the resulting formation of sodium hydroxide and 
acid sodium oleate. 

The question thus arises as to how much soap is lost by hydrolysis 
and whether or not the amount so lost varies in proportion to the 
total volume of. soap used for a given determination. There is no 
need here to outline the procedure followed in investigating the 
effect of hydrolysis. Let it suffice to say that the lather factor, or in 
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other words, the soap lost by hydrolysis, is practically constant and ‘. 


can be regarded as such in using soap solution to determine total 


and totew odd W on 


THE SOAP DETERMINATION OF TOTAL HARDNESS 


FIGURE 1 FIGURE 2 ' y 
EFFECT OF TEMPERATURE ON EFFECT OF TEMPERATURE ON / 
LATHER FACTOR OF VOLUME OF STANDARD SOAP SOLUTION 


40 STANDARD SOAP SOLUTION 
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TEMPERATURE ~ DEGREES- CENTIGRADE 


0.6 0.7 0.8 0.9 1.0 11 1.00 1.01 102 1.03 1.04 1.08 
LATHER FACTOR VOLUME 


for the soap could be made to fit all conditions. For that reason 
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we began an investigation of conditions which seemed to affect the . 
determination and which perhaps could be corrected or compen-— 


sated for without making the procedure too difficult and compli- 


cated. Results were even better than anticipated. Using a modi- 
fied but nevertheless simple technique, we are able now to determine 


very closely both the calcium content and the total hardness over a 


wide range of values. Before describing the actual procedure, how- 
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ever, it is desirable to discuss some of the factors involved and the 
extent to which they affect the final result. 

Effect of Temperature. It has been reported elsewhere that the 
temperature of the water has a considerable influence on the soap 
test, the volume of soap required showing an increase with a decrease 
in temperature. The range of real significance, however, as indi- 
cated by figure 1, is below 10°C. 

If the solution is standardized at 20°C., temperatures between 
15° and 35°C. have very little effect on the volume of soap required 
and can be disregarded without causing an appreciable error in the 
hardness determination. Should the temperature of the sample be 
lower than 15°C., or higher than 35°C., it is desirable to make a cor- 
rection corresponding to the values indicated by the curve. In any 
event, the best procedure is to standardize the soap solution at the 
ordinary working temperature and thus eliminate unnecessary 
corrections. 

The changes in volume of a soap solution corresponding to changes 
in temperature were also investigated. In figure 2, showing the 
results of this work, it will be noted that the change is insignificant 
within the normal range of working temperatures. 

Effect of Bottle Shape and Size. In all of the published articles 
about the soap test, very little is said regarding the size and shape 
of the bottle. As a matter of fact, the type of bottle seems actually 
to make very little difference, although we have found in our work 
that a sharper and more reliable end-point can be obtained by using 
a 4-ounce oil sample bottle. How this compares with other types 
and sizes of bottles is shown in table 1. 

Effect of Acidity. Free carbon dioxide and mineral acid, as shown 
in table 2, also have some bearing on the accuracy of the soap deter- 
mination. Their effect can be eliminated, however, by first neu- 
tralizing the sample with sodium hydroxide, using phenolphthalein 
as an indicator. 

Effect of Substances Present in Natural Water. Of the substances 
present in natural water, calcium, magnesium, iron, aluminum, 
manganese, lead, zinc, copper, and tin can react with the soap 
solution and form insoluble oleates. The effect of all but calcium 

and magnesium, up to a maximum concentration of 10.0 p.p.m., is 
shown in figures 3 and 4. 

The amount of zinc, copper, lead, and tin likely to be found in 
natural waters are seldom, if ever, high enough to affect the soap 
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determination. Iron, aluminum, and manganese, on the other — 
hand, are found rather frequently, and their effect should probably — 


exceeds a part per million. If necessary, they can be <a 
and removed before making the test, or else an allowance can be 


TABLE 1 
Effect of bottle type and size on soap determination of total hardness 
All tests made at temperature of 20°C. 


| soar 
TYPE OF BOTTLE SIZE OF BOTTLE 
Ca | Mg. 
8 oz. Reagent 24 in. Diameter 80 0 80 Distinct 
8 oz. Reagent 23 in. Diameter 0 | 40 56 Not Distinct 
4 oz. Reagent 2 in. Diameter 80 0 | 82 Distinct 
4 oz. Reagent 2 in. Diameter 0} 40 | 56 Not Distinct 
4 oz. Rectangle 3 in. x 2} in. 80 0 82 Distinct 
4 oz. Rectangle in. x 2} in. 0 | 40 | 57 Not Distinct 
4 oz. Oil Sample 1? in. Diameter 80 0 | 80 Sharp 
4 oz. Oil Sample 13 in. Diameter 0 | 40 55 Distinct 


TABLE 2 


a Effect of acidity on soap determination of total hardness 


CARRS SULPHURIC ACID HARDNESS 
Acid Neutral Acid Neutral 
p.p.m. p.p.m. p.p.m, p.p.m. p.p.m. p.p.m. p.p.m. 
0 0 0 0 0 0 0 
0 6 7.9 0 4 4.1 0 
0 12 13.0 0 8 7.5 0 
0 24 22.0 0 16 16.0 0 
0 36 31.0 0 24 20.0 0 


Neutral samples obtained by neutralizing acid water with NaOH, using 
phenolphthalein as an indicator. 


made by referring to the curves in figure 4. If their total is known, 
a close enough correction can be obtained from the curves. m 

Sodium chloride and sodium sulphate, as shown in table 3, have 
no effect, even with concentrations up to 2500 parts per million: | 
The same thing is true, to some extent, of sodium bicarbonate, — 
although a high concentration of this constituent appears to retard 
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hydrolysis and cause a slightly lower result for total hardness,.. Jy 
ordinary waters, though, there is seldom enough of the bicarbonate 
present to be of any significance. 
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Effect of Calcium and Magnesium. In investigating the effect of 
calcium and magnesium, which of course are the two constituents 
almost entirely responsible for the hardness of natural waters, the 
first step was to study each of them separately. This was done by 
taking various concentrations of their chlorides and titrating them 
with standard aap solution. The results thereof, in terms of hard- 
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ness expressed as equivalent calcium carbonate, are presented 
graphically in figure 5. ; 
As shown by the curves, calcium can be determined accurately up _ 
to a hardness of 90 parts per million. Magnesium, on the other 7 
hand, consumes more soap and gives higher results throughout. 
For an equivalent hardness it takes approximately 1.4 timesasmuch _ 
solution as calcium. Its end-point is not as sharp as that of calcium, — 


and it is impossible to obtain a permanent lather with concentrations 
exceeding a hardness of 75 parts per million. This in turn means that 


TABLE 3 
Effect of sodium salts on soap determination of total hardness & 


— SODIUM CHLORIDE SOAP SODIUM SULPHATE SOAP SODIUM BICARBONATE SOAP : 
| PPM. | Hardness | | Hardness |. PP.M. |. 
80 0 80 0 80 0 80 
80 50 80 50 80 50 78 
80 100 80 100 80 100 77 
80 200 80 200 80 200 75 
80 300 80 300 80 300 75 
80 400 80 400 80 400 75 
80 600 80 600 80 600 75 
80 800 80 800 80 800 75 
80 1000 80 1000 80 1000 75 
80 1200 80 1200 80 1200 75 
80 1400 80 1400 80 1400 75 
80 1600 80 1600 80 1600 75 
80 1800 80 1800 80 1800 75 
80 2000 80 2000 80 2000 75 
80 2500 80 2500 80 2500 - 75 


Each of above samples contained 20 ml. of CaCl, solution to give total = 
actual hardness of 80 p.p.m. All tests made at temperature of 25°C. 


it is absolutely necessary, when making the soap test, to dilute 
samples of hard water with a suitable proportion of distilled water. | 

The next step in the investigation was that of checking various 
combinations of calcium and magnesium, using each time a mixture © 
having a total actual hardness of 80 parts per million. This hard- — 
hess was selected because it represents the maximum permissible in 
an undiluted sample. In other words, if a higher hardness were 
used, it would be necessary to dilute the sample in order to get a 
satisfactory end-point. 

Results obtained on the prepared mixtures, all having an actual 
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or true hardness of 80 parts per million but varying proportions of 
calcium and magnesium, are shown in figure 6. The soap hardnegg 
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of these mixtures, as determined by our modified procedure, Ms repre- 
sented by the lower one of the two curves. 90. ms bon ido. aii of 
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in figure 5 and represents the soap hardness of calcium determined Shr i 
separately plus the soap hardness of magnesium determined separ- os 
ately. For example, for the one to one magnesium to calcium ratio 
the total hardness of 80 parts per million consists of 40 parts due to 


magnesium and 40 parts due to calcium. By referring to len 


5, it will be found that a solution containing magnesium equivalent 
to 40 parts per million of calcium carbonate has a soap hardnessof __ 
54 parts per million. For calcium, on the other hand, the soap hard- ’ haa 


ness is the same as the actual hardness. The sum of the two, then, ee 


is 94 parts per million, the value indicated by the top curve for the — 
one to one ratio. Other points on the same curve were calculated 
similarly. 

The lower of the two curves in figure 6 shows that the soap hard-— 
ness is low as long as the magnesium is less than 30 per cent of the 
calcium, both expressed in terms of equivalent calcium carbonate. 
The lowest point on the curve occurs where the magnesium is about 
11 per cent of the calcium. At that point.the soap hardness was 
found to be 74 parts per million, as compared to the actual or true 
hardness of 80 parts per million. 

In view of the fact that magnesium alone takes about 1.4 times as 
much soap as an equivalent amount of calcium, we naturally ex- 
pected high results with the two combined. Taking the 0.11 ratio 
as an example, the actual calcium hardness in the mixture amounted 
to 72 parts per million and the magnesium to 8 parts per million. __ 
Having shown, however, that magnesium takes about 1.4 times as 
much soap solution, it might be expected that the total soap hard- 
ness would be 72 plus 1.4 times 8, or 83 parts per million. The | 
actual soap test on the mixture, as previously noted, showed 74 — 
parts per million. 

The only explanation for the low results up to the 0.3 ratio appears 
to be the slowness of magnesium in combining with sodium oleate. — 
In the process of titration the soap first reacts with calcium and does __ 
so almost instantaneously. During this stage lather formation is _ a) 
almost imperceptible. Later, when the calcium is gone or almost . 
gone, a slight addition of soap results in the formation of a profuse — 
lather. What happens from then on seems to depend almost en- 
tirely on the concentration of magnesium. When it is more than 30 — 
per cent of the calcium, the lather disappears fairly rapidly. But — 
when the proportion is less than 30 per cent, lather formation is 


ly all 


ether covers nract 


| 
Ate 
me, 
in figure 61 4 = 
om: 
: 
2 
: 
4 ‘ 
4 
? 
: 
wee 


1032 W. BROWN AND P. A. VILLARRUZ [J..A. We 


stronger and the film is likely to remain unbroken for the required 
period of three minutes, thus giving a final but nevertheless mig. 
leading end-point. In the ratios under 30 per cent, therefore, part 
or all of the magnesium does not react with the oleate and the goap 
test gives a low result. 

In the case of magnesium to calcium ratios greater than 0.3 the 
reaction with sodium oleate takes place more rapidly and the lather 
breaks down accordingly. From then on, as shown by figure §, 
the soap hardness is above the true or actual hardness and increages 
with an increase in the proportion of magnesium. But even in the 
higher ratios the soap hardness of the mixture falls below the curye 
based on the soap hardness of the same proportions of magnesium 
and calcium tested separately. It thus appears that the high soap 
consumption of magnesium is offset to some extent by the presence 
of calcium, the two elements combined giving a soap hardness be- 
tween the true hardness and the added soap values. What all this 
means, therefore, is that the soap solution method gives high results 
when the magnesium centent exceeds 30 per cent of the calcium and 
low results when the magnesium is less than 30 per cent of the eal- 
cium, both expressed in terms of calcium carbonate. 


DETERMINATION OF CALCIUM AND TOTAL HARDNESS 


= There is a good deal of information in the literature regarding the 
so-called ghost point or false end-point. When making the soap 
test the ghost point is supposed to show when the calcium reaction is 
complete and approximately what part of the total hardness is due 
to the presence of calcium. 

ae As it is generally defined, the ghost point is that point at which 
lather formation is practically the same as that at the final end-point, 
and is differentiated from the final only by the breaking up of the 
foam in less than five minutes. It is also defined as that point at 
which the further addition of soap solution causes the temporary 
foam to disappear. 

Some attempts have been made to assist identification of the ghost 
point lather by describing its appearance as compared to that of the 
true end-point or permanent lather. The distinction, however, 
both by definition and appearance, is somewhat obscure and cer- 
tainly not sharp enough for general applicability. In other words, 
the ghost point is hard to recognize and cannot be depended upon 
for ordinary use. At least, that is what we have observed in testing 
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hundreds of samples covering a wide range of calcium and magnesium 
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and total hardness values. 
In trying to find a better procedure for the soap test, we noticed 
a characteristic of the lather that seemed to give a more accurate 


View of 
bottle. 
of the lather and the top inside surface of the bottle. 
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Hardness end-point with camera same level as bottle. Note dense — 


above the water and web-like structure between the lather and the top in- aa :e 


side surface of the bottle. 


result for 


calcium than that obtained from the false end-point. 
Using an oil sample bottle, this new end-point is marked by the 
formation of a thin lather which covers practically all of the water — 
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surface when the bottle is shaken vigorously and laid on its side, 
Up to this point, as distinguished from the ghost point procedure, 
there is no lather production outside of a few thin bubbles which 
break up and disappear almost immediately. 

With the new end-point in mind the next step was to find out how 
it was affected by various magnesium to calcium ratios. This was 
done by testing a series of samples having different proportions of 


TABLE 4 


Calcium and total hardness factors for various magnesium to calcium ratios 


ACTUAL HARDNESS TOTAL SOAP USED | SOAP HARDNESS FACTORS 

SOAP | 

Ca Mg Total | Calcium et Calcium! Total ae Calcium ai 

No. ml. | No, ml. 

80 0 80 4.70 | 5.60 | 67.1 | 80.0 | 0.191 1.192 | 1.000 
76 4 80 4.50 | 5.40 | 64.3 | 77.1 | 0.200 1.182 | 1.038 
72 8 80 4.30 | 5.20 | 61.4 | 74.3 | 0.209 | 1.173 | 1.077 
68 12 80 4.18 | 5.30 59.7 | 75.7 0.268 1.139 | 1.057 
64 16 80 4.00 | 5.50 | 57.1 78.5 | 0.375 1.121 | 1.019 
60 20 80 3.80 |°5.70 54.3 81.4 | 0.500 1.105 | 0.983 
56 24 80 3.60 | 5.80 | 51.4 | 82.8 | 0.611 1.090 | 0.966 
52 28 80 3.40 | 5.95 | 48.6 | 85.0 | 0.750 1.070 | 0.941 
48 32 80 3.08 | 6.10 | 45.4 | 87.1 | 0.918 1.057 | 0.918 
44 36 89 2.97 | 6.23 | 42.4 | 89.0 1.100 1.038 | 0.899 
40) 40 80 2.73 | 6.40 | 39.0 | 91.4 1.344 1.026 | 0.875 
36 44 80 2.50 | 6.50 | 35.7 | 92.8 | 1.600 1.009 | 0.862 
32 48 80 2.27 | 6.60 | 32.4 | 94.2 1.907 | 0.988 | 0.849 
28 52 80 2.02 | 6.70 | 28.8 | 95.7 | 2.317 | 0.972 | 0.836 
24 56 80 1.75 | 6.80 | 25.0 | 97.1 | 2.886 | 0.960 | 0.824 
20 60 80 1.48 7.00 21.1 | 100.0 3.797 0.948 | 0.800 


Above figures represent average of four series of tests. 
Lather factor deducted from total soap readings. 
ml. of soap for magnesium hardness 


Soap ratio = 
ml. of soap for calcium hardness 


actual calcium hardness 


Calcium factor = - ; 
soap test calcium hardness 


actual total hardeess 


Hardness factor = . 
soap test total hardness 


the two constituents and a total hardness of 80 parts per million. 
The results are given in table 4. As noted there, we determined for 
‘ach ratio both the end-point for calcium and the final end-point for 
total hardness. From the first we computed the hardness due to 
calcium, and also a series of factors representing the actual calcium 
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hardness divided by the soap test calcium hardness. Factors for — 
total hardness, similarly, were obtained by dividing the actual total — 
hardness by the soap test total hardness. 
Curves for calcium and total hardness factors corresponding to 
various proportions of magnesium and calcium are shown in figure 7. 
These are based on the soap ratios from table 4 instead of on the — 
known ratios of magnesium to calcium, and are thus directly applic- 
able to the testing of an unknown sample. The procedure for — 
making the tests and using the curves is as follows: : 
Place 50 ml. of the water to be examined in a 4 oz. oil 
sample bottle. Add standard soap solution in small por- 
tions, beginning with about 0.7 ml. and reducing to 0.5 
ml. when soap suds first appear. When the calcium end- 
point approaches, cut the soap to 0.2 ml., and finally to 
0.1 ml. at a time. After the calcium end-point is deter- 
mined, note the burette reading and continue adding soap 
solution, preferably not more than 0.2 or 0.3 ml. at a time. 
When the hardness end-point is reached, again note the 
reading on the burette. 
After each and every addition of soap solution, hold the 
bottle at the stopper end and shake it vigorously along the 
long axis. Then hold the bottle in a horizontal position 
with both hands, each hand holding one end of the bottle, 
and give it a quick jerk or two in an upward and downward 
direction. The combined action of shaking and jerking 
is extremely important, as it induces formation of the 
lather conditions by which the calcium and hardness end- 
points are easily identified. 
Caleitum-End Point. With the bottle resting horisontally 
on a table or bench, the calcium end-point is marked by the an 
formation of a very thin lather which covers the entire sur- > 
face of the water. This lather, furthermore, breaks down _ 
very rapidly, disappearing almost completely within thirty — eas 
seconds and leaving nothing more than a thin band of foam ie 
around the edges where the water surface comes in sin te 
with the Approach of the calcium is indi- 


surface wad a film of lather. 
Total Hardness End-Point. As previously noted, a 
final, or total hardness end-point is marked by a fairly — 
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dense lather formation, usually about a quarter of an inch 
deep, which covers the entire surface of the water. 
tending upward from this lather to the top inside surface of 
the bottle are perpendicular or nearly perpendicular soap 
films which form cell-like structures between the lather and 
the glass. These cells, at the final end-point, are sharp and 
distinct and remain unbroken for at least three minutes. 

Correction of Acidity. In determining the hardness of 
acid waters or of waters containing free carbon dioxide, it 
is generally necessary to neutralize the sample by the addi- 
tion of sodium hydroxide. Enough should be added in each 
case to obtain a slight pink color with phenolphthalein in- 
dicator. 

Size of Sample. If the hardness of a sample is found to 
exceed 80 p.p.m., an aliquote portion should be taken and 
diluted to 50 ml. with carbon dioxide free distilled water. 
This means, if the soap solution is made as recommended, 
that the total amount used should generally not be more 
than 6.5 ml. 

Computations. Having the calcium and total hardness 
readings, the computations are as follows: 

Total reading — calcium reading = ml. of soap for mag- 


nesium. 
Calcium reading — lather factor = ml. of soap for 
calcium. 


ml. of soap for Mg 
aa ml. of soap for Ca 
From the curves in figure 7, get the corresponding factors 

for calcium hardness and total hardness. Then calculate 


Magnesium to calcium ratio = 


calcium, magnesium, and total hardness. ¢ 

LetS = Hardness value in p.p.m. of i ml. of soap) 

F, = Factor for calcium hardness 
a! F, = Factor for total hardness a a 

uf 50 ar 

D = Dilution factor = 

OH Volume of sample in ml. 


_ Then in a 50 ml. sample, or a sample diluted to 50 mm., 
total hardness is: | of 
(ml. of soap minus lather factor) X DX SXF, 
Calcium hardness = No. ml. soap for calcium X D XS X F; 


Ex- 
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Total hardness — Calcium hardness 
4.1 
it will probably be helpful when first using the above equations 
old 
TABLE 5 ih 
1 Comparison of soap test and gravimetric analysis results 
GRAVIMETRIC ANALYSIS SOAP TEST 
SAMPLE NO. | — 
Ca Mg Hard Ca Mg Hard 
p.p.m, p.p.m. p.p.m, p.p.m, p.p.m, P.p.m, 
1 7.6 3.6 34 8.0 3.2 33 
2 47 27 228 45 28 228 
3 69 13 226 67 14 226 
4 105 9.1 299 105 9:1 299 
5 48 8.6 155 49 7.3 153 
6 83 15 268 84 13 263 
7 115 9.8 328 115 9.5 326 
8 109 11 316 106 11 312 
9 16 9.4 78 16 9.5 79 
10 23 9.1 94 23 8.6 93 
11 107 64 531 106 64 525 
12 13 13 86 13 13 86 
13 69 13 226 68 13 222 
14 7:2 0.46 22 5.2 2.2 22 
15 19 7.6 79 19 7.2 77 
16 17 axl 71 17 6.7 70 
17 16 4.9 60 15 5.3 59 
18 24 8.5 95 22 8.6 90 
19 28 8.4 104 25 9.4 101 
20 7.0 7.2 47 6.8 6.8 45 
21 17 10 85 17 11 86 
» = 23 10 100 23 10 99 
— 110 66 547 107 69 549 
an 3.2 0.7 il 2.3 1.3 il 
— 24 21 145 24 21 145 
26 6.9 5.8 41 6.9 5.3 39 
27 28 13 124 27 14 124 
«28 72 39 341 72 41 349 
— 47 40 280 45 41 281 
— 25 11 110 24 13 112 


Note: All gravimetric analyses made at Chenery laboratory of California 
Water Service Company. Results not known when soap tests were made at 
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to have an actual example of their application. Suppose, then, 
that a 25 ml. portion of a sample is diluted to 50 ml. for the analysis 
and that 1.8 ml. and 4.7 ml. of soap are required for the calcium 
and total hardness end-points respectively. Suppose also that the 
lather factor is 0.7 and the hardness value of the soap solution is 
13.8. On that basis the computations are as follows: 
Soap for magnesium = 4.7 — 1.8 = 2.9 ml. 
_ Soap for calcium = 1.8 — 0.7 = 1.1 ml. 


“Magnesium to calcium ratio = — = 2.64 


Referring to the curves, the ratio of 2, 64 gives a calcium factor F, 
of 0.962 and a total hardness factor F; of 0.829. The calcium and 
total hardness computations are then as follows: 

He (4.7 — 0.7) X 2 XK 13.8 XK 0.829 = 92 p.p.m. 
 Cahardness = (1.8 — 0.7) X 2 X 13.8 X 0.962 = 29.2 ait 
ab 29.2 joe oft lo 


Mg = 15 p.p.m. 


An accurate and impartial check on the accuracy of the new 
procedure was obtained by running soap tests on a series of samples 
which had previously been analysed in another of the Company 
laboratories. These tests were made without knowing ahead of 
time the results of the complete mineral analysis and are therefore 
believed to be a fair indication of what to expect from the new 
method. 

A comparison of the soap and complete analysis findings is shown 
in table 5. The data there tabulated are self-explanatory, showin 
conclusively that the new method is remarkably accurate over a 


wide range of calcium and total hardness values. = 
ot oi bodtoar 
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THE DETERMINATION OF CALCIUM AND MAGNESIUM 
SOAP TITRATION & 

By Epwarp L. BREAZzEALE AND Ropert A. GREENE 


INTRODUCTION 


Schreiner and Failyer (3) described, in 1906, a method for the 
determination of small amounts of calcium and magnesium in irriga- 
tion waters and soil extracts. This method was developed as a 
result of the need for a rapid, yet reliable, method for the determina- 
tion of these elements. The method, which is essentially Winkler’s 
(4) modification of the soap titration method of Clarke, which is 
used extensively for determining the hardness (or more properly, the 
“soap consuming capacity’’) of water has not been well received, and 
at present is not used to any great extent. The following quotation 
from Mason and Buswell (2) illustrates the general consensus of 
opinion. “This soap test, commonly known as Clarke’s, is not as 
accurate as the conventional methods for the determination of cal- 
cium and magnesium, the errors sometimes amounting to 10 per 
cent. In the hands of an experienced analyst, the error can be suff- 
ciently reduced so that the soap test may be used for the routine 
control of water-softening plants and, in fact, is extensively so used. 
Objections to the soap test have come largely from analysts who 
overestimated its accuracy and naturally were disappointed with 
their results.” 

During the past eight years, the authors have employed this 
method in the analysis of some twenty-five thousand samples of water 
and soil extracts. This experience has convinced us that the 
method can be successfully employed for the rapid and accurate 
determination of calcium and magnesium. It is admitted that 
experience is necessary in order to obtain satisfactory results and 
we believe that if an analyst is willing to devote some time to a study 
of the method, he will be pleased with the results he may obtain. 


Contributed record of research from Arizona State Laboratory, Tucson, 


Arizona. Received August, 1937. 
1040 aan 


1% 
= 
y 
= 
b 
ti 
= 
a 
0 
st 
In 
el 
a 
| 
ah 
sh 
‘ 
It 
0 
ar 
7 
Wi 
7 of 
to 
0 
de 
pl 


yoL. 30, NO. 7] SOAP TITRATION METHOD 


The purpose of this paper is to show the accuracy of this method, 
to point out some of its limitations, and the principal causes of me: 


THE METHOD 


In this method, calcium and magnesium are titrated directly with 
a standardized soap solution. This may be either a solution of pure 
castile soap in 50 per cent alcohol, or preferably an alcoholic solution 
of sodium (or potassium) oleate. The latter is very satisfactory and 
may be obtained from any supply house. The soap solution is 
standardized against a standard calcium solution which may be best 
prepared by dissolving pure calcium carbonate in dilute HCl and 
evaporating to remove the excess of acid. The residue is dissolved 
in distilled water and diluted to a definite volume. 

The soap solution is standardized in the following manner: an 
aliquot of the standard calcium chloride solution is placed in an 
eight-ounce bottle fitted with a tightly fitting stopper (preferably 
glass). Three ml. of alkaline tartrate solution (6 gms. KOH and 
100 gms. sodium potassium tartrate dissolved in 500 ml. of distilled 
water) are added and the sample is diluted to a volume of 50 ml. 
The soap solution is added slowly from a burette. The bottle is 
shaken vigorously for 15 seconds between each addition, placed on 
its side, and the time required for the foam to ‘“‘break” is noted. 
The end point 1s reached when the foam persists entirely over the surface 
for two minutes. There is a tendency, particularly on the part of 
analysts who are not acquainted with the method, to over-titrate. 

It is also necessary to determine a “blank” or “lather factor’ by — 
adding 3 ml. of the alkaline tartrate solution to 47 ml. of distilled 
water and proceeding as above. This usually requires 0.2-0.3 ml. Fe ; 
of the soap solution. This “blank” must be subtracted from the fe 
total volume of the soap solution used in the titration. 

The use of the alkaline tartrate solution permits the titration Py 
of calcium in the presence of magnesium, apparently by the formation — Sa 
of a magnesium complex which does not react with soap. In the 
determination of magnesium, both calcium and magnesium are ae 
mined and the volume of soap used for the determination of calcium 
plus the “blank’’ for magnesium is subtracted from the total amount — 
used. 
In the determination of magnesium, another aliquot 1 is placed in a 
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and 35 ml. concentrated NH,OH, diluted to 500 ml. with distilled 
water) are added, and then the sample is diluted to a volume of 59 
ml. The titration is carried out as described above. In this titra. 
tion, both calcium and magnesium are determined and a false end 
point usually appears when all of the calcium has reacted. If the 
bottle is allowed to stand for a few minutes this foam will “break” 
and the reaction then proceeds smoothly to the true end point of 
magnesium. The recognition of this “false end point” is extremely 
important, otherwise unsatisfactory results will be obtained. 

A “blank”? must also be determined for magnesium in the same 
manner as for calcium, by adding 3 ml. of the alkaline ammonium 
chloride solution to 47 ml. of distilled water. Schreiner and Fail- 
yer (3) recommend that the soap solution be standardized against a 
magnesium solution of known strength but we have found that a 
single standardization against calcium chloride is usually sufficient 
and that the magnesium equivalent may be calculated. 

For the determination of calcium and magnesium in water, we 
find that 10 ml. aliquots are usually satisfactory. The size of the 
sample may be increased or decreased according to the amounts of 
these elements which may be present, but the volume should not 
exceed 50 ml. 

The soap solution is prepared by dissolving the soap or sodium 
oleate in 95 per cent alcohol and diluting with an equal volume of 
water. The solution may be made to any desired strength, but we 
prefer a soap solution standardized so that 1 ml. is equal to 0.4 mg. 
calcium (Ca). 

The results of a typical analysis and the method of calculations 


are given below: he 
I. Determination of Calcium. tibet bte 
1 ml. soap solution equals 0.4mg.Ca = 
ae Volume of sample equals 10 ml. Lod) tool 
“p ml. soap used equals 4.3 ml. odt to 
ou “Blan’.’ for Ca equals 0.3 ml. of 
Soe required forCaequals4.0ml. 
“in 40 X 0.4 X 100 equals 160 mg. Ca per liter (p.p.m.) 
II. Determination of Magnesium. wioy baka 
1 ml. soap solution equals 0.23mg.Mg. | 
Volume of sample equals 10 ml. be 
soap used equals 5.3 ml. to roi 


4 
‘ 
1042 
P 
2 
4 
Som 
4 
ian 
j 
I 
4 
: a 
s 
t 
0 
: 


of ml. soap required equals 5.0 
ml. soap requiredforCaequals4.0ml. = = 


: 
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ntl ml. soap required for Mg equals 1.0 ml. 
eit 1 X 0.23 X 100 equals 23 mg. Mg per liter (p.p.m.) a) 

If larger samples are used (25-50 ml.), it is advisable to use a 
stronger soap solution, since the total amount of soap used should 
not exceed 15ml.,in any case. We believe that the use of a dilute 
soap solution, a smaller aliquot and a 10 ml. burette give the most 
satisfactory results. = 


In order to illustrate the accuracy of this method, standard solu- 
tions of calcium and magnesium were prepared and standardized 


TABLE I 


Titration of calcium 

ml. of soap solution equals 0.79 mg. Ca 
1 ml. of standard calcium solution equals 0.1 mg. Ca 


ML, OF Ca SOL. ma, Ca ADDED ML, SOAP SOL, mG, Ca RECOVERED 

5.0 0.50 0.65 0.51 

10.0 1.00 1.25 0.99 

15.0 1.50 1.90 1.50 

20.0 2.00 2.50 2.01 

22.5 2.25 2.85 2.25 

30.0 3.00 3.80 3.00 

40.0 4.00 5.10 4.02 
50.0 5.00 6.28 4.96 


gravimetrically according to the “Standard Methods of Water 
Analysis” (1). Portions of these solutions were measured into glass 
stoppered bottles, 3 ml. of alkaline tartrate reagent were added and 
the mixture was diluted to a volume of 50 ml. and titrated in the 
manner described above. The results, which are given in Table I, 
are averages of closely agreeing duplicate determinations which were 
made by two analysts. 

These results show very satisfactory recoveries of calcium. At- 
tempts to determine larger amounts of calcium were not satisfactory 
and it is recommended that when more than six or seven ml. of soap 
solution of this strength are required, that the sample be diluted, or 
that a smaller aliquot be taken. Attempts to determine less than 
” seal a Calcium were not satisfactory, so the soap solution was 
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diluted until 1 ml. was equivalent to 0.4 mg. of calcium. The 
experiment was repeated, and the results are given in Table II. 

In general, satisfactory recoveries were obtained. With the 
exception of the value secured for 0.2 mg. Ca, the largest error was 
slightly greater than 3 per cent. 

The preceding tables show that the method gives satisfactory 
recoveries in the determination of calcium, so the experiment was 
repeated with a solution of magnesium chloride which had been 
standardized gravimetrically. To varying portions of this solution, 
3 ml. of alkaline ammonium chloride were added and then the mix- 


ture was diluted to 50 ml. with distilled water and titrated as before. 
The results are given in Table III. tS a 
aot bur lo 


ai = Titration of calcium with diluted soap solution wal 
1 ml. standard soap solution equals 0.4 mg. Ca 

1 ml. standard calcium solution equals 0.1 mg. Ca 

ML, OF Ca SOL. ma. Ca ADDED ML, SOAP SOL. MG. Ca RECOVERED 
1 0.1 0.25 10 
0.2 0.45 18 
0.3 0.75 0.30 
Theat 0.4 1.00 0.40 
0.6 1.50 0.60 
iow. 0.8 2.00 0.80 
we 10 1.0 2.50 1.00 
pr 20 2.0 5.05 2.02 
raph 48 4.8 12.10 4.84 
60 6.0 15.15 6.06 


An examination of Table III reveals a very good recovery of mag- 
nesium. The next experiment was to determine the recovery of 
calcium and magnesium in the presence of each other. Solutions 
of calcium and magnesium were prepared and standardized gravi- 
metrically. These solutions which contained 164 p.p.m. of Ca and 
151 p.p.m. of Mg, respectively, were used in the other experiments. 

The methods employed for the determination of calcium and mag- 
nesium were: 

Calcium. The sample plus 3 ml. of alkaline tartrate solution was 
diluted to a volume of 50 ml. with distilled water and titrated in the 
usual manner. (ml. soap solution required minus ‘“blank’’) X Ca 
equivalent of soap equals Ca present. oe 
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Magnesium. The sample plus 3 ml. of alkaline ammonium chlo- 
ride solution was diluted to a volume of 50 ml. with distilled water 
and titrated. When both calcium and magnesium are determined, 
a “false end point” usually appears when enough soap solution has 
been added to be equivalent to the calcium present. If the bottle 
is allowed to stand on its side, this ‘false end point” disappears and 
the titration proceeds smoothly to the true end point. Usually the 
foam will break within a few seconds, but often several minutes are 
required. This is a common source of error, care must be taken at 
this point. Ml. soap required minus (“‘blank” plus ml. soap required 
for Ca) X Mg equivalent of soap equals Mg present. = = | 


Che 


1 ml. soap solution equals 0.23 mg. Mg _ 
1 ml. magnesium solution equals 0.1 mg. Mg 


ML, or Mg sou. | ma. Mg ADDED ML. SOAP SOL, | ma, Mg RECOVERED 
oe 2 0.2 0.90 

7 0.7 3.05 

haat Of 3.90 


The following table shows the recoveries of calcium and magnesium _ 
in the presence of each other, and in varying proportions. Each — 
experimental value given is an average obtained from ten deter- 
minations. 


recovered are lower than the amounts actually present. In other : 
words, under these conditions, the separation of these two ions is not 
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ty 

large in comparison to magnesium, the two may be determined quite a a 

accurately. As the ratio of calcium to magnesium approaches unity _ - = 

(equivalent amounts), the amounts of calcium determined experi- et 


clear-cut when the amounts of calcium and magnesium are approxi- 
mately the same. 

Fortunately, this error is not of as great practical significance as 
it might appear. In the first place, practically all of the waters and 
soil extracts which we have examined usually contain relatively large 
amounts of calcium and small amounts of magnesium. The cases 
where the amount of magnesium is equal to, or exceed the amount 
of calcium, have been extremely rare. If, however, this does occur, 
it may be easily remedied by adding a measured excess of a standard 


ty TABLE IV ull 
$F Titration of calcium and magnesium 
Ca ADDED Mg ADDED | APP Ca RECOV. Mg REcov. 
P.p.m, P.p.m, P.p.m. p.p.m. 
39.0 4.2:1 165.0 39.2 4.2:1 
164.0 77.0 2.13:1 168.0 75.5 2.22:1 
"164.0 139.0 | 1.18:1 176.5 116.5 1.51:1 
164.0 164.0 192.0 147.0 1.30:1 


TABLE V 
Be a 4 The effect of high salt content upon the separation of Ca and Mg 
=| Mg | Ca RECOV. Mg REcov. 

164 None 168.0 75.5 
164 77 500 167.0 We fA 
164 77 1000 180.0 9.084 
164 77 2000 183.0 68.5 
164 77 5000 189.0 66.0 


calcium solution, so that there will be approximately four times as 
much calcium as there is magnesium. 

Since it is quite common to find waters in the southwest which 
contain large amounts of soluble salts, the effect of excessive amounts 
of salts were studied. Sodium chloride is probably the commonest 
salt found in the waters of the southwest, so varying amounts of 
sodium chloride were added, and then calcium and magnesium were 
determined. These results appear in Table V. The experimental 
values are averages of ten determinations. 

The presence of 500 p.p.m. did not materially affect the separation 
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of calcium and magnesium, but when the amount of. ieitieis chloride 
was increased, there was a progressive increase of calcium and a pro- 
ive decrease of magnesium from the actual amounts. The 
method, therefore, is not dependable in the presence of large amounts 


SUMMARY 


These results show that the soap titration method for the deter- 
mination of small amounts of calcium and magnesium gives satis- 
factory results in the hands of an experienced operator. The chief 
objections have probably come from analysts who were not familiar 
with the method, and who were probably disappointed with the first 
results obtained. 

We believe that this method may be satisfactorily employed for 
the determination of small amounts of calcium and magnesium in 
domestic water supplies. The following suggestions may be of value 
to persons desiring to employ this method: 

1. The standard soap solution must be added slowly. Not more 
than 0.5 ml. should be added at a time, and the sample should be 
thoroughly shaken between additions. 

2. A soap solution which is equivalent to 0.4 mg. Ca (approxi- 
mately 1.0 mg. CaCO ;) per ml. is quite satisfactory. The total 
amount used should not exceed 15 ml., at most. If so, dilute the 
sample, or use a smaller portion. 

3. The recognition of the end-point is not difficult after a little 
experience. There is a tendency, however, to over-titrate, so we 
suggest that the end-point be recognized as when the foam persists 
entirely over the surface for two minutes. This results in a material 
saving of time, and also reduces the tendency to over-titrate. 

4. If the ratio of magnesium to calcium does not exceed 1:2, cal- 
cium and magnesium may be separated satisfactorily. As the 
proportion of magnesium increases, the separation is not satisfactory, 
and the results obtained are high for calcium and low for magnesium. 
This may be corrected by adding an excess of a standard calcium 

solution to increase the calcium-magnesium ratio to approxi- 
mately 4:1. 

5. The presence of relatively large amounts of salts will interfere 
with the separation of calcium and magnesium. 

The authors are indebted to James F. Breazeale for much valuable 
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SOME PROBLEMS RELATING TO LEGAL CONTROL | 


OF USE OF GROUND WATERS q 
By Davin G. THOMPSON AND ALBERT G. 


During the past few years, there has been an increasing interest in 
problems that relate to the legal control of the use of ground water 
in order to conserve the natural supply. This interest has been 
caused by several conditions. Droughts have focused attention on 
the increasing importance of ground water in the domestic economy 
of the nation. In many localities where ground water has long been 
used for public supply and industrial purposes, only recently has it 
become apparent that there is danger of exhausting the supply unless 
conservation is carefully practiced. Furthermore, ground-water 
studies by the Geological Survey of the United States Department 
of the Interior, State Geological Surveys, and other agencies have 
emphasized the fact that, where ground water is available for irriga- 
tion or for large communities or industries, there must be assurance 
that the consumption of water will not exceed the safe yield of the 
water-bearing formations; otherwise, failure will result. In order to 
limit the draft to the safe yield, some kind of legal control of con- 
sumption is necessary.? 

Within the past five years there has been a remarkable increase in 
consumption in water, especially for two purposes that had not been 
anticipated a few years earlier. The first of these is the increasing 
use of ground water for air-conditioning—a situation that is well 


1 Published by permission of the Director, Geological Survey, United States 
Department of the Interior. Presented at the New Orleans convention, 
April, 1988. The authors are D. G. Thompson, Senior Geologist and A. G. 
Fiedler, Senior Engineer, United States Geological Survey, Washington, D. C. 

* The Pope-Jones act (50 Stat. 869) approved August 28, 1937, ‘‘to promote 
conservation in the arid and semi-arid areas of the United States by aiding in 
the development of facilities for water storage and utilization,’’ provides in 
part as follows: ‘‘As a condition to extending benefits under this act to any 
lands not owned or controlled by the United States or any of its agencies, the 
Secretary of Agriculture may . . . require (1) The enactment of State or local 
laws providing for soil conserving land uses and practices, and the storage, 


conservation and equable utilization of waters;...” 


A, 
’ 
d 
3 
’ 
= 
in 
be 
bi 
* 
4 
45 
: 
= 
< 
a 
a 
A 


D. G. THOMPSON AND A. G. FIEDLER [J. A. W. W.4 


1050 ee 

known to waterworks men. In spite of evidence*® that the present 
trend is away from systems that use large quantities of water, and 
toward systems that re-use the water or use mechanical refrigeration, 
it is the writers’ opinion that this is a problem that cannot be easily 
put aside. Where ground water can be obtained in sufficient volume 
it is generally cheaper to use it freely than to install more costly 
evaporative systems or direct refrigeration systems. The circulatory 
system will be used in many localities and some legal control of its 
use is essential in order to prevent excessive consumption. 

The second considerable development of ground water, which has 
attracted less attention, is for paper pulp mills in certain southem 
states. The writers know of at least ten pulp mills, scattered from 
Georgia and Florida to Texas, where, within the past two years, 
ground water has been developed or is about to be developed in quan- 
tities ranging from ten to fifty million gallons a day each. Some of 
these developments are near industrial cities where much ground 
water is already being used. It seems possible that, in some of them, 
the pumping of so much water for the pulp mills may seriously affect 
previous ground-water installations, some of which may have been 
in use for many years. 


SOME FUNDAMENTAL PRINCIPLES OF GROUND-WATER HYDROLOGY 


Discussion of the problem of legal control of ground water during 
the past few years has approached the problem almost wholly from 
the viewpoint of conservation of water for irrigation in the western 
states. It is the purpose of the present paper to consider the prob- 
lem particularly as it arises in areas where the use of ground water 
for public supply or industrial use is predominant, although perforce 
much reference is made to western conditions. 

The present writers are not lawyers, and we have neither the 
professional training nor the purpose to discuss all the legal tech- 
nicalities involved in the control of ground water. Rather, it is our 
purpose to consider the different phases of legal control of ground 
water in relation to certain important hydrological principles. At 
the same time we shall endeavor to understand the viewpoint of the 
legal profession and adhere to it as closely as possible. 

It is first desirable to consider briefly some fundamental principles 
which govern the occurrence and recovery of ground water and which 


3 See, for example, several papers presented at the New Orleans meeting of 
the American Water Works Association, April 24-28, 1938; published in the 
JOURNAL OF THE AMERICAN WATER Works AssociaTION for June, 1938. 
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should be thoroughly understood and recognized in any attempt to 
develop a sound doctrine of control of ground water. Some of these 
principles have been known and recorded for many years, but others 
have not been fully understood. There has been a continuing in- 
crease in our knowledge of ground-water hydrology and even in the 
past two or three years there have been valuable observations of fact 
and contributions to theory that have an important bearing on the 
subject under discussion. 

In the beginning it is necessary to distinguish between water-table 
conditions and artesian conditions for there may be notable differ- 
ences in the effects of pumping as one or the other of these conditions 
exists. A water table is the upper surface of the zone of saturation 
beneath the earth’s surface, except where such upper surface is 
formed by an impermeable body. If the permeable water-bearing 
bed lies beneath an impermeable bed, it is completely saturated. 
The water is under hydrostatic pressure, so that, when penetrated by 
a well, it will rise above the elevation at which it is first encountered. 
The water may be said to be under artesian pressure, and artesian ~ 


conditions exist. 


Practically all ground water occurring in sufficient quantities oo 
of good enough quality to be useful to man has its ultimate source in 
the precipitation that falls upon the land. It is not an inexhaustible 
supply, but, depending upon conditions of precipitation and the — 
geologic conditions that effect its movement and recovery, it is a 


resource that within some limit is being more or less continually — 


renewed. To this extent it differs from oil and gas which in some 
other respects have properties in common with those of ground water. — 


Where water table conditions exist, recharge of the sr a 


formations—that is, renewal of the supply-——may occur at least in | 


part by downward percolation in the area where the water is with- “ 


drawn through wells. Where artesian conditions occur, there can 
be no direct downward percolation to the water-bearing formations — 
through the impermeable bed. The water that supplies the wells must a 
move into the area from some points at a greater or less distance where | e 
the impermeable bed is absent. The movement of water ie 
artesian conditions is comparable to the movement of water in le 


lines, and the rate at which water can be withdrawn from the system — ¥ 


is determined primarily by certain characteristics of the system which 
involve the element of friction.‘ 


‘Meinzer, O. E., Outline of Methods for Estimating Groundwater Supplies: 
U. 8. Geol. Survey Water-Supply Paper 638, pp. 99 and 126, 1932. : 
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Also, practically all ground water that is useful to man on any 
large scale is moving, continually but slowly, from some point of 
recharge to some point of natural discharge or of artificial with. 
drawal. The direction of flow of the ground water under either water 
table or artesian conditions may be determined fairly accurately by 
determining differences in the elevation of the water levels in a series 
of wells. 

An important consideration arising from these facts, the sig. 
nificance of which will become more apparent in the discussion that 
follows, is that, except in ateas where the ground water is essentially 
stagnate—in which case it is likely not to be a very valuable re. 
source—the water that a person pumps from his well is actually not 
a permanent part of his land, but, like the wind that passes over it, 
moves from beneath the land of another to his land and passes on to 
more distant points. Furthermore, in the case of water moving in 
an artesian formation, shut off from the surface by an overlying con- 
fining bed, the contribution of water from the precipitation on the 
land of a well owner by direct downward percolation is essentially 
nil. Under water-table conditions, however, there may be meas- 
urable contributions to a well from precipitation on the overlying 
surface by direct downward percolation. 

How great is the contribution from rainfall? On Long Island, 
where recharge is relatively abundant, the average annual recharge 
has been estimated to be of the magnitude of 1. to 1.25 million gallons 
a day per square mile. If this quantity were equally divided among 
city “blocks” or “squares’’ about 528 feet in each dimension—a total 
ea of 100 blocks in a square mile—each block would be entitled to 10,000 

gallons a day or only about 7 gallons a minute. This would scarcely 
suffice for the daily requirements of a moderately populated block and 
certainly not for the heavily populated tenement and apartment 
house sections of Brooklyn. It would not suffice for a laundry, a 
brewery, a soft drink or dairy establishment, a soap factory, or for 
numerous other types of industry that use much water either for 
condensing purposes or in processing. 


’ ‘ Underflow investigations have shown the rate of movement of ground 
water ranging from one foot a day or less to as much as 400 feet a day. See 
Veatch, A. C. and others. Underground water resources of Long Island: 
U. 8. Geol. Survey, Prof. Paper 44, pp. 86-115, 1906; Smith, G. E. P., Discus- 
sion of paper by A. C. Koenig on Dams on Sand Foundations: Trans. American 
Soc. Civil Engineers, vol. 73, p. 195, 1911. Also U. 8. Geol. Survey Water- 
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In Mimbres Valley, New Mexico, probably at least 200,000 acres 
are suitable for irrigation, but the average annual recharge to the 
water-bearing formations is of a magnitude of only about 10,000 or 
11,000 acre-feet.° This quantity, if distributed over the 200,000 
acres would allow only 0.05 acre-foot per acre, which would not be of 
material use in irrigation in a region where at least 1} acre-feet per 
acre are generally needed. In many areas enough water can be 
obtained for an industrial enterprise or a public supply only by taking 
water that would theoretically belong to numerous individual land a 
owners if each should demand his share. + 

It should be noted that the water that is moving underground is 
not merely maintaining the supply of ground water, but generally, ° 
except for loss by transpiration and evaporation or by artificial 
withdrawal, it is moving toward an outlet in some stream the flow of © 
which it helps to maintain or toward the ocean. ' 

When water is drawn from a well, either by pumping or by natural 
artesian flow, the head of the water immediately drops inthe welland 
also in the formation surrounding it. The decline of head is greatest = 
in the discharging well and decreases with the distance from the well, 
until at some distance there is very slight decline or none at all. 


However, it has become increasingly clear in the past few years, that 
in the course of time the area of influence of a pumped or flowing well = 
may expand until it reaches the bordering limit of the formation.’ “a 
When the well is pumped or discharges by natural flow, the rate of = 


decline in head is at first rapid but becomes slower and slower until 
finally, if the rate of discharge does not exceed the rate of recharge of 
the water-bearing bed, a condition of stability or equilibrium may be if 
reached; if rate of discharge exceeds the rate of recharge, the drop in 
head will continue until eventually it is no longer possible to with- | 
draw water at the original rate. The ultimate effect of pumping in * a ‘ 
some areas can not be determined merely by observations during a "ee a 
pumping test of a few hours, days, or even weeks, but may require 
careful observations extending over a period of at least a yearortwo. ; 
Long time observations in a few parts of the country have shown ee 
a more or less continuous decline of the water table or artesian pres- 
bres Valley, New Mexico: Geol. Survey Water-Supply Paper 637, p. 80, 1931. @ Ee 
'Theis, C. V., The nature and significance of the cone of depression in an: 
ground-water bodies: (Abstract) Economic Geology, vol. 32, p. 1079, Dee 
1937, 


‘White, W. N., Preliminary Report on the Ground-water Supply of Mim- 
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sure, perhaps interrupted for a few months each year or for a period 
of two or three years when there was exceptional precipitation o 
decrease in rate of pumpage.* Such decline suggests, but does not 
necessarily prove, that the draft of the water-bearing formations 
has been in excess of average annual recharge. According to prin. 
_ ciples of hydraulics involved, it is necessary to lower the head on the 
-water—that is, to produce a drawdown—in order to cause the water 
to flow toward the well from which it is being withdrawn. There. 
fore, under some conditions a considerable drop in head when water 
is withdrawn from a formation is no more serious than the drop in 
head experienced at times of peak load in a water-distribution system 
which has an adequate supply available. This fact must be recog- 
nized in any program of legal control that is to be fair to all users of 
ground water. 

An essential point to be recognized in the consideration of questions 
of legal control is that, generally it is impossible for one land owner to 
pump water from beneath his land at an appreciable rate without 
affecting the water level or artesian pressure beneath the land of his 
neighbors and perhaps also beneath land at a distance of several 
miles from his own property. Thus, for example, within the past 
year it has been demonstrated beyond any reasonable doubt that a 
group of wells pumping about 7 million gallons a day from the Lloyd 
sand on western Long Island has produced measurable changes in 
head of the water level in observation wells located at least 7 miles 
from the nearest pumping well, and there is some reason to believe 
that the effect has extended to a distance of at least 12 miles.’ The 
area of the cone depression of this group of wells is estimated to be 
more than 150 square miles. However, this widespread effect does 
not necessarily indicate overdraft. 

Other examples may be cited to illustrate the fact that pumping 
from wells produces widespread lowering of head as a result of heavy 
draft. In other areas, because of different geologic and hydrologic 


8 See for example Ebert, F. C., An Interpretationof Water-table Fluctua- 
tions of Four Wells in Southern California: Transactions American Geophys. 
Union, 17th Ann. Meeting, part II, 1936, especially draft of J. B. Neff and 
well no. 72, pp. 376-377. This paper was part of a symposium on fluctuations of 
ground-water levels which contains graphs showing the long-time record of 
ground-water fluctuations in wells in several different parts of the United 
States. 

* Leggette, R. M., The Mutual Interference of Artesian Wells on Long 
Island, N. Y.: Trans. of the Amer. Geophysical Union, 18th Ann. Meet., Part 
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conditions, the effect of pumped wells is relatively limited. These 
examples serve mainly to emphasize the fact that, although certain 
general principles are applicable in many different regions, the results 
of pumping will vary from region to region, and each region must be 
SOME GENERAL PRINCIPLES OF LAW 

In many of the States of this country there has been no attempt to 
control by legislative enactment the use of ground water in order to 
conserve it and preserve its natural quality, except from bacterial 
pollution. In these States the legal principles involved in the control 


of ground water have been determined by the courts when making 


decisions upon matters of dispute between two or more parties. 

In the development of legal principles by court decisions precedent 
has played an important part. However, subject to review by what- 
ever higher court may have jurisdiction, a court is not necessarily 
bound by precedent if sound reason is presented for changing a prin- 
ciple. In making a decision a court is guided in part by the facts of 
the case as reported by witnesses on both sides, in part by the legal 
considerations presented by counsel for each side, and in part by its 
own knowledge of the legal principles as well as other matters of 
knowledge and reasoning. It seems not unreasonable to expect that 
any judge or group of judges in making a decision upon some question 
of law arising de novo—for example in one of the early ground-water 
cases—might have reached a different conclusion if they had known 
some of the scientific facts and observations now available. The 
court has not always completely closed the door to a modification of 
principles. However, many persons have been so impressed with the 
importance of precedence of leading court decisions or the dicta of 
certain decisions that they consider it useless to undertake to enact 
laws to correct conditions which they believe to be unjust and withoyt 
proper foundation of fact or legal principle. 

We have emphasized these points because it is our belief that the 
present recognized unsatisfactory situation in regard to legal control 
of ground water is the result of inadequate knowledge or incorrect 
interpretation of certain natural laws and observed hydrologic condi- 
tions; that this situation has been perpetuated because stress has 
been laid on factors which, although perhaps once important, are now 
seen to be not nearly as important or applicable as some other things; 
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At the time when certain leading decisions were handed down, the 
physical laws that govern the occurrence and recovery of ground 
water were not sufficiently understood, and the time was not ripetg 
propose legal viewpoints which today seem not only desirable but 
necessary. When the early doctrines of legal control were developed 
there was not the slightest suggestion that some day there would be 
thousands of wells each of which would yield more than a million 
gallons of water a day and that there would be some that would yield 
more than 10 million gallons a day;'® that the public supply for more 
than a million people in one unit ground-water area would be supplied 
with water from wells; that nearly 1} million acres in a single State 
would be irrigated by nearly 47,000 wells with a reported capacity of 
about 24,000,000 gallons per minute (more than 34 billion gallons a 
day). When certain leading decisions were rendered which estab- 
lished legal precedent in regard to ground water (for example, Forbell 
v. City of New York and Katz v. Walkinshaw, discussed below), the 
now classic studies of Spear, Veatch, and others on Long Island, and 
Mendenhall in California had not been published. When Slichter 
wrote his famous paper ‘‘Theoretical investigation of the motion of 
ground waters,” he used only 600 feet as the radius of the cone of 
depression of a pumped well;'* and even in 1937 in a comprehensive 
treatise a figure of 500 feet is used.4 One current textbook, although 
recognizing that the radius may be much larger, states that it is 


10 A well in the Roswell, N. M. artesian basin yielded by natural artesian 
flow 9,225 gallons a minute about (13 million gallons a day). See ‘‘The World’s 
Greatest Artesian Well’’ (Anon.) The Johnson National Drillers Journal, 
vol. 3, no. 6, p. 2, June 1931; also under title ‘‘Large artesian well’’ (Anon.): 
Water Works and Sewerage, vol. LXXVIII, p. 242, 1931. A well at South 
Pierce, Florida, has yielded by pumping 7,500 gallons a minute (about Il 
million gallons a day). See Stringfield, V. T., Artesian Water in the Florida 
Peninsula: U. 8. Geol. Survey Water-Supply Paper 773, pp. 159-160, 1936. 

"1 Thompson, David G. and Leggette, R. M., Withdrawal of Ground Water 
on Long Island, N. Y.: New York Department of Conservation, Water Power 
and Control Commission, Bull. G. W.-1, p. 6, 1936. 

12 Fifteenth Census of the United States, 1930; Irrigation of Agricultural 
Lands, Reports by States, pp. 50 and 93, 1932. 

13 Slichter, C. S., U. S. Geol. Survey Nineteenth Annual Rept., Pt. II, p. 
36, 1899. See also the following: American Water Works Association Manual 
of Water-Works Practice, p. 106, 1926; Flynn, A. D., Weston, R. S., and Bogert, 
C. L., Waterworks Handbook, p. 239, 1937. 

14 Muskat, M., The Flow of Homogeneous Fluids Through Porous Media: 
McGraw Hill Book Co., pp. 94-95, 19387. 
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sufficiently accurate in most cases to use a figure of 1,000 feet. 
These figures are in notable contrast to the widespread effects of 
pumping which were reported above. 

Although the decisions of the courts do not fully indicate the nature 
of the testimony introduced, in many decisions that have been read 
by the present writers, and especially in certain decisions that have 
long been cited as precedent, there is little or nothing to indicate that 
adequate testimony as to the natural laws governing the occurrence 
and recovery of ground water has been introduced or considered by 
the court. 
ol) yor stron! to sep 

In order to understand the problems involved in the legal control 
of ground water, one must have also some understanding of the nature 
of rights relating to surface waters, especially of waters flowing in 
streams, ‘This is because surface waters generally were first used as 
sources of water supply; and the laws developed in newly settled 
areas under different doctrines first assumed a settled character with 
respect to surface waters. Thereafter in litigation over ground 
waters, consideration was to a large extent influenced by the prec- 
edents established in cases relating to surface waters. For the 
purposes of this discussion three types of surface water rights may 
be recognized—riparian rights, rights obtained by appropriation, and 
rights obtained by prescription. 

A riparian owner, or proprietor, is one whose land touches upon and 
is bathed by the waters of a natural body, such as a stream. The 
law considers that, from this very relationship, such land is by nature 
endowed with certain rights which are generally known as riparian 
rights. The early concept of riparian rights relating to streams, as 
paraphrased from statements by other writers, was that the riparian 
owner has the right to expect the water of a stream to flow past his 
property essentially undiminished in quantity and unchanged, so far 
as possible, from its original character. When one considers the large 
quantity of waters taken from streams and used for irrigation, for 
the making of steam, or for other purposes with the result that it is, 
in part, never returned to the same stream, and when one considers 
the large quantities of polluting material, both visible and invisible, 
which are poured into so many of our streams; one wonders if there is 


 Turneaure, F. E. and Russell, H,L., Water 3rd Ed., p. 
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today such a thing as a riparian right as originally defined. Ag g 

matter of fact, although in general the doctrine of riparian rights ‘jg 

still held in most of the eastern states and in a few of the western 

states, it is very much surrounded with modifications and exceptions, 

The right of a riparian owner is supposed to be co-equal with the 
rights of all other riparian owners up and down the stream except 
insofar as there may be natural differences in the situation of the 
land of different owners which obviously give one owner some ad- 
vantage over another. It appears that originally, and probably stil] 
in some jurisdictions, the rights of riparian owners related merely to 
the use of waters from the stream for supplying the ordinary natural 
wants of the owner, such as for domestic use of himself and his family, 
and for watering his cattle. One important consideration that seems 
to be rather generally recognized is that the riparian right appertains 
only to the use of the water on riparian land, that is land some part of 
which directly touches the body of water in question. In general it 
has been considered that the right of the riparian owner to use water 
from the stream on his riparian land was paramount to the use of the 
water by another person upon distant or non-riparian land. 

In some jurisdictions the right to use water is obtained by appro- 
priation, which may be described briefly as a formal indication of 
intent to use the water from some source and actual putting the 
water to use usually with some official recording of the notice of 
intent and of subsequent use. An appropriation is generally made 
for a definite quantity of water and is valid only so long as the water 
is used beneficially. Usually there is no limitation as to whether the 
water may be used upon riparian or non-riparian land. The doctrine 
of appropriation of water as applied to surface water holds in several 
of the western irrigation states by constitutional declaration or by 
legislative enactment. 

Prescriptive rights, or the right to use water by prescription, are 
obtained in some jurisdictions by using the water from a stream fora 
certain number of years without interference or objection by riparian 
land owners or owners of appropriative rights. In other words, the 
use is by the implied consent of any one who in the eyes of the law is 
considered to have a definite right to use the water. 

One comparison may be made between surface water rights and 
ground-water rights as viewed in some jurisdictions. According to 
one viewpoint the owner of land overlying a water-bearing formation 
may be considered to be endowed with certain natural rights per- 
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WATER 
taining to the ground water similar to the rights of the riparian land 
owner, and subject to the same limitations with respect to his fellow 
owners of land overlying the water-bearing beds. These rights have 
not generally been called riparian rights but have been designated as 
the rights of overlying land owners although because of the similarity 
some writers have designated them as quasi-riparian rights."* This 
term is used for convenience in the present paper without any inten- 


tion to attach any significance of legal right to the term. 
LEGAL CLASSIFICATION OF GROUND WATERS 

In ground water litigation in England and the United States, a 
number of terms or phrases have been used to designate different 
types of conditions under which ground water occurs. As the geo- 
logical and hydrological conditions of ground-water areas vary widely, 
preceding cases have not fitted a particular case up for decision. 
Hence additional terms or phrases have been set up and have received 
legal recognition. 

On the basis of court decisions and laws Kinney!’ divides ground 
water into three general classes, namely, “subterranean water courses 
or streams,” “artesian waters,’ and “‘percolating waters.” ‘Sub- 
terranean waters’ are divided into water flowing in “known and 
defined channels or water courses,’”’ or in “undefined and unknown 
courses.”’ “Artesian waters,’’ though originally considered in the 
class of “percolating waters,’’ were later placed in a separate class 
as their characteristics became better known. ‘‘Percolating waters’’ 
have been subdivided into diffused percolations or percolating waters; 
percolating waters tributary to surface water courses or other bodies 
of surface waters; percolating waters tributary to underground 
reservoirs or other bodies of underground waters; and finally, seepage 
waters. Other subdivisions include ‘“‘underflow dependent on surface 
streams,” “percolating waters tributary to springs,”’ and “‘percolating 
waters supplying surface wells’ (as distinguished from water supply- 
ing artesian wells). 

* Bingham, J. W., Some Suggestions Concerning the California Law of 
Riparian Rights: California Law Review, vol. 22, pp. 251-276, March, 1934. 

Kinney, C.8., A Treatise on Law of Irrigations and Water Rights and 
the Arid Region Doctrine of Appropriation: Bender-Moss Co., San Francisco, 
2d ed., p. 2095, 1912. See also Johnson, D. W., Relation of the Law to Under- 
ground Waters: Geol. Survey Water-Supply Paper 122, 1905; Wiel, S. C., Water 
Rights in the Western States: Bancroft-Whitney Co., San Francisco, 3rd ed., 
vol. 2, pp. 1010-1039, 1911. 
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In order to comprehend the current legal status of ground water 
in some jurisdictions one must understand the fine points of this 
classification; but some of these admittedly are puzzling to competent 
ground water hydrologists. 

One of the principal reasons for undertaking to classify the different 
conditions of occurrence of ground water is that in some jurisdictions 
where the ground water can be considered to be flowing in a “gyb. 
terranean water course or stream” or in “known and defined channels 
or water courses”’ it is considered to be subject to whatever doctrine— 
riparian rights or appropriation—is applied to surface waters in the 
particular jurisdictions in question. In contrast, if the ground water 
cannot be so classified it is considered to be “percolating water,’ 
which in some jurisdictions is governed by doctrines different from 
those governing surface water, such as the old English doctrine, the 
doctrine of reasonable use, or the doctrine of correlative rights de- 
scribed below. As a matter of fact, depending upon what features of 
occurrence are stressed, practically all ground water is “percolating 
water” according to dictionary definitions of the term “percolating.” 
On the other hand, practically all water is moving toward some 
stream, perhaps at a considerable distance, the flow of which it is 
helping to maintain. Accordingly, with reason it may be considered 
to be flowing in a definite water course or channel whose boundaries 
are the boundaries of the water-bearing formation even though the 
“water channel’ thus defined in some instances may be many miles 
wide. 

Kinney has stated what we believe to be a fundamental difficulty 
as follows:* “‘The difficulty has been not so much to determine the 
law as to rights which may be acquired in subterranean water, where 
certain water has been determined to be of a certain character, as it 
has been to determine the character of the particular class to which 
the water belongs.’’ The extent of this confusion in the courts has 
been discussed by one of the present writers in a discussion of the 
administrative control of underground water!® where the reasoning 
of the court in specific cases is, for purposes of illustration, carried to 
its logical conclusion and applied to other areas where similar natural 

conditions exist but different classifications have been or would be 
applied. 

18 Tdem, p. 2115. 


19 Thompson, D. G., Discussion of paper on ‘Administrative Control of 
Underground Water, Physical and Legal Aspects’’ by Harold Conkling: Trans. 


Amer. Soc. C. E., vol. 102, pp. 801-811, 1937. 
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: We believe, as a matter of fact, that from a scientific point of view 
; such an elaborate classification of ground water is neither justified 


nor necessary. All water in the part of the earth known as the zone 
of saturation is purely and simply ground water, moving according to 


t certain well recognized laws of physics. In the following discussion 
ground water will be considered in the light of this broad concept. 

This point of view is in contrast to such unscientific descriptions of 
“percolating waters”’ in judicial decisions as the following: “‘vagrant 


wandering drops moving by gravity in any and every direction along 
the line of least resistance,’’ City of Los Angeles v. Hunter (156 Cal. 
603, 105 Pac. 765); and “the physical laws governing underground 
water and its subterranean progress being irregular and unknowable 
with certainty, and such water being changeable and uncontrollable 
in character subject to secret incomprehensible influences,” Chatfield 
vy, Wilson (28: Vt. oft bral of 

DOCTRINES OF GROUND-WATER LAW 

In the present discussion it is possible to state only the most 
essential features of the earlier doctrines in order that significant 
recent developments may be discussed more fully. In this discussion 
let us consider some of the implications of our present knowledge of 
the science of ground-water hydrology as applied to the different 
legal doctrines. 

The oldest modern doctrine with respect to rights in the use of 
ground water is commonly known as the common law or English 
doctrine. It is generally considered as dating from the case in Eng- 
land of Acton v Blundell, (12 Mees and W. 324) (1843). In this 
case the plaintiff was deprived of water from a well on his land 
through mining operations on the defendant’s land about three- 
fourths of a mile distant. The court ruled that the case “falls within 
that principle, which gives to the owner of the soil all that lies be- 
neath the surface; ... that the person who owns the surface may dig 
therein; and apply all that is there found to his own purposes at his 
free will and pleasure; and that if, in the exercise of such right, he 
intercepts or drains off the water collected from underground springs 
in his neighbor’s well, this inconvenience to his neighbor . . . can not 
become the ground of an action.”” This states essentially the English 
doctrine. Obviously this doctrine offers no possibility of any control 
to prevent overdraft of a ground-water reservoir. 

The Acton v. Blundell case set a precedent which as late as 1933 
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was considered as guiding in England.*® English water works 
engineers have, however, felt that this rule does not sufficiently safe. 
guard the interests of owners of existing wells, and especially of 
public water supply developments which might be seriously injured 
by heavy pumping from additional privately owned wells. Efforts 
have recently been made to modify the old English doctrine.” 
The doctrine recognized by Acton v. Blundell has been accepted 
in a number of states in this country. As late as 1930 in the case of 
Fire Dist. No. 1 v. Graniteville Spring Water Co. (103 Vt. 89, 152 A. 
42), Chief Justice Powers of the Supreme Court of Vermont said: 
“Our rule is the common law, or the English rule as it is 
sometimes called.... We are aware, of course, that thisis 
the law of many of the states. There has grown upin 
this country a doctrine known as the American rule which _ 
gives to the land owner only the reasonable use of per- 
- eolating water. It is said that the tendency of the cases is 
_ toward this rule. But this is not our rule, and we are not 
- inelined to depart from what has been the law of this 
‘jurisdiction for three-quarters of a century, and has been 
adequate to our circumstances and situation.”’ 


_ THE “‘AMERICAN”’ DOCTRINE OR DOCTRINE OF REASONABLE USE 


The common law or English doctrine was followed at first in the 
United States, but in 1862 the Supreme Court of New Hampshire 
in the case of Bassett v. Salisbury Mfg. Co. (43 N. H. 573; 82 Am. 
Dec. 180)* departed from the English doctrine and set up what is 


20 In Bleachers Assn. Ltd. v. Rural Dist. council Ch. 356, 361, (1933) it was 
stated “‘it is well settled that there is no legal ground on which the defendant 
council could be prevented from collecting percolating water, no matter how 
serious the result may be to the plaintiffs.”” See Wiel, S. C., Fifty years of 
water law: Harvard Law Review, vol. 50, p. 276, 1936. 

21 Gourley, Harold J. F., Some Recent Developments in British Water 
Works Practice: New England Water Works Assoc. Jour., vol. 50, p. 346-348, 
1936; excerpts of the same article are published in Water Works Engineering, 
vol. 89, p. 1294, 1295, 1936; and in Water and Water Engineering (London) 
vol. 39, pp. 45-48, 1937. The article states that representations having been 
made to the Ministry of Health in regard to this problem by several associa- 
tions of water works and other engineers and having received favorable action 
by that ministry, the matter has been under consideration by a joint com- 
mittee of both Houses of Parliament. A letter from Mr. Gourley to 0. E. 
Meinzer, dated April 22, 1938, states that there have been no new developments 
in the legal situation since the presentation of the above-mentioned paper. 

22 The facts are stated in an earlier decision (28 N. H. 438 (1849)). 
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jnown as the American doctrine or doctrine of reasonable use which 
has since become the fundamental rule of many states. This case 
did not involve the actual taking of water from wells but resulted 
from the backing up of water by a dam, the plaintiff alleging that as 
a result the percolation of water in his ground was affected. In this 
case, the Court suggested that a man’s right to appropriate per- 
colating water on his own land is limited by the corresponding right 
of his neighbor, and “restricts each to a reasonable exercise of his 
own right, a reasonable use of his own property, in view of the similar 
rights of others.”’ 

Other states were slow to follow the precedent established in 
Bassett v. Salisbury and adhered to the common law. It was not 
until 1900 that the doctrine of “reasonable use’’ was given support by 
the decision in the case of Forbell v. The City of New York, (164 
N. Y. 522), which held it was not a reasonable use to take ground 
water from beneath land and sell it for use on land distant from that 
from which it was obtained. This case exerted a profound influence 
upon ground water law. In 1903 the case of Katz v. Walkinshaw, 
(141 Cal. 116; 70 Pac. 663; 74 Pac. 766) which has been much cited, 
extended the doctrine of reasonable use to California and was fol- 
lowed by the adoption of this doctrine in several of the irrigation 
states. 

In Katz v. Walkinshaw the principal issue actually was decided on 
the basis of the doctrine of reasonable use. It was held that the 
land owner is not authorized to take percolating water from wells 
and sell it for the irrigation of distant lands, to the detriment of 
adjoining land overlying the water-bearing beds and whose owners 
(by benefit of special location with respect to the water-bearing 
beds) may be considered to possess what have been termed ‘“‘quasi- | 
riparian” rights. The depertine from the common law was stated — 
in the decision as follows: “. . . the common law rule that hy srl - 
water belongs the owner of the soil, and that he has 
absolute right to extract and sell it, is not applicable to the conditions fe 
existing in a large part of this state, where artificial irrigation is __ 
essential to agriculture, and artesian wells in percolating belts are _ 
necessarily used for that purpose.” 

The influence of the cases of Forbell v. City of New York and Katz 
v. Walkinshaw was subsequently felt in other states in the eid - a 
region, as notably in the case in New Jersey in 1908 of Meeker v. oe ; 3 
” of East sistas (77 N. J. Law 623, 74 A 379, 134 Am. 8. R. 798, = =F 
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25 L.R.A.N.S. 465, (1909) (reversing original case 76 N. J. Law 435; 
70 A 360 (1908).* 


DOCTRINE OF CORRELATIVE RIGHTS 


In the case of Katz v. Walkinshaw the California Court introduced 
a further development of the doctrine of “reasonable use”’ by stating 
what has become known as “the doctrine of correlative rights.” As 
indicated above, the case involved the transportation and sale of 
water on distant lands, but the court considered other possible future 
applications of its adaptation of the doctrine of reasonable use, 
Among other things it said: 
tor “Disputes between overlying land owners concerning 
_ water for use on the land, to which they have an equal right, in 
eases where the supply is insufficient for all, are to besettled 
by giving to each a just and fair proportion. And here again 
_ we leave for future settlement the question as to the priority 
of rights between such owners who begin the use of waters at 
_ different times. The parties interested in the question are 
not before us.” 
_ Aeeording to Corpus Juris (67 C. J. p. 840) the doctrine of cor- 
relative rights holds that ‘the rights of all land owners over a com- 
mon basin, saturated strata, or underground reservoir, are coequal 
or correlative, and that one landowner cannot extract more than his 
share even for use on his own lands where the rights of others are 
injured thereby; nor can he claim more than his share on any ground 
of peculiar benefit to him from its use.’”’ It is further stated that the 
“owners share is determined on the basis of ‘reasonable use’ under 
the circumstances. But “reasonable use’ as here used, does not 
mean, as in other states, a right to take all that is necessary or reason- 


*3 In adopting the doctrine of reasonable use the court said: 

“This does not prevent the proper uses by any land owner of the percolating 
waters subjacent to the soil inagriculture, manufacturing, irrigation, or other- 
wise, nor doesit prevent any reasonable development of his land by mining or 
the likealthough the underground water of neighboring proprietors may thus 
be interfered with or diverted. But it does prevent the withdrawal of under- 
ground waters for distribution or sale for uses not connected with any bene- 
ficial ownership or enjoyment of the land when they are taken, if it results 
therefrom that the owner of adjacent or neighboring land is interfered with in 
his right to the reasonable uses of subsurface streams upon his land, or if his 
wells, springs or streams are thereby materially diminished in flow or his land 
is rendered so erid as te to be,less val for sepsontture, pasturagy, or 


legitimate uses.’ 
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ably beneficial to the owners’ lands regardless of the needs of other ; 
owners, but only his reasonable share, if there is not enough to supply — 
the needs of all.” Corpus Juris also states that, under the doctrine, _ 
if the common supply is sufficient, each owner may take all he needs, 
either for use on his own or other lands. 
As indicated by the quotation from Corpus Juris and as pointed — 
out by Thompson in the discussion of Conkling’s paper* in certain _ we 
court decisions there has been some confusion in the use of the terms —_— 
“correlative rights” and “reasonable use,” some writers considering _ 
them to be synonymous and others considering them to convey _ 
different meanings. We believe that in some decisions where the < 
two terms were used some distinction was intended. These dis- 
tinctions should be apparent from the definitions of the words. The 
court, for example, may consider whether it is reasonable to use 
water for irrigation, whether it is reasonable for a riparian owner 
to put a dam across a stream; whether or not it is reasonable fora 
well owner to pump from the ground all the water he wishes no matter 
what the effect upon his neighbor, or to use it for a certain purpose. 
On the other hand, having decided that a given use of water or a 
given method of use is reasonable, the question then arises as to the 
quantitative distribution between competing land owners of the right 
to use the water, or of the actual distribution of the water. Are the 
rights to use the water correlative, are they coequal or unequal? 
In jurisdictions where the question of correlative rights is raised the 
question of reasonable use appears to be inseparably involved, but 
the converse does not seem to be true where reasonable use alone is 
the controlling criteria. In this connection it is worthy of note that 
in Bassett v. Salisbury Mfg. Co. (43 N. H. 569, 82 Am. Dec. 179) 
referred to above, it was said, ‘The rights of each land owner being 
similar,... are correlative;’’ but no expression was made as to any 
sharing of the water from wells. 
Much might be said in regard to the doctrines of reasonable use 
» 
* Op. cit. pp, 811, 812. oalvtreodiaai 
* See, for example, the following quotations: “The American tule, or rule 
of reasonable use, or as expressed by some courts and writers, the rule of 
‘correlative rights’ ”’ (Clinchfield Coal Corporation v. Compton) 55 A.L.R. 
1376; “The doctrine of correlative rights or reasonable use’’ (Horne v. Utah 
Oil Ref. Co. 59 Utah 279, 31 A.L.R. 883, 202 Pac. 815). The distinction be- 
tween the two terms is discussed in City Mill Co. Limited v. Honolulu Sewer 
and Water Commission et al. 30 Haw. 912 (especially p. 922); See also distinc- 
tions stated in (67 C. J. pp. 838-840). lov 
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= correlative rights. Although the doctrine has been cited jp 
numerous cases, its implications are at best somewhat vague. Ip 
a large number of the cases the principal point under consideration 
* —* to have involved the question of whether it was proper (o 
reasonable) to transport water from wells to parcels of land that were 
_ distant from the land overlying the water-bearing formations. 
far as the writers are aware, such diversion has been held, until very 
recently, in all jurisdictions where the so-called American rule has 
_ been applied, to be an unreasonable act, if the complaining party 
was damaged. But the courts have held that if there was no damage 
to owners of lands overlying the water-bearing formations, the use on 
distant lands should not be limited (Cohen v. La Canada Water Go. 
is ey 151 Cal. 680, 91 Pac. 584, 11 L. R. A., N.S. 752). In cases where 
use of water on distant lands was eendiliebed to have caused damage 
the aggressor had no standing against the aggrieved quasi-riparian 
ow ner of land overlying the water-bearing formation. In other 
Ww ords, there were no correlative rights involved. The present 
writers know of no instance in any state following the doctrine of 
correlative rights where the doctrine has been applied to adjudicate 
and divide the water of any ground-water basin among numerous 
land owners. This belief is supported by Everett N. Bryan, acting 
deputy in charge of water rights, Division of Water Resources, Cali- 
fornia Department of Public Works, who, in reply to our inquiry, has 
recently stated: ‘Attorneys for the Division advise me that from a 
reasonable search, no case in any state following the correlative 
rights doctrine is to be found involving the entire adjudication of 
the various rights of overlying lands within a basin.” 

No widespread attempt has been made to enforce the doctrine of 
reasonable use or to suggest that the doctrine of correlative rights, 
be applied in eastern states to remedy obviously dangerous situations. 
As a result of failure to apply any control doctrine, there are a number 
of areas where the supply has been greatly diminished, where salt 
water has been drawn in, and many wells, representing a considerable 
investment, have been abandoned. It is especially noteworthy that 
in the eastern jurisdictions adhering to the doctrine of reasonable use, 
as for example on Long Island or on the coastal plain of New Jersey 
where hundreds of square miles are underlain by a single ground-water 
reservoir, many individual land owners have not claimed their right 


by 
~ 


26 See discussion by Wiel, 8S. C., Water Rights in the Western States: 3d ed., 
Bancroft-Whitney Company, vol. 2, pp. 973-1009, 1911. 
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to use water from beneath their own land because it is more con- 
yenient to obtain water from a public supply system. On the other 
hand, it has been necessary for the general public, obtaining water 
from a public supply system, to pay damages indirectly to a few 
favored owners of lands overlying the water-bearing beds that yield 
the water, although perhaps there has been no contribution by direct 
downward percolation on such overlying lands. 

One may wonder whether perhaps no well owner using water taken 
from his lands has presented to the court the problem of division of 
water among land owners, under the doctrine of correlative rights, 
because of a fear that by judicial determination he might be found to 
be exceeding his fair share of the water. Or perhaps he considered 
that, by the statement quoted above from Katz v. Walkinshaw, the 
court did not wipe out the possibility of recognizing priority in 
beneficial use instead of equal division in cases where the supply is 
insufficient for all and where the question arises as to the priority of 
rights between owners who begin the use of water at different times. 
On the other hand, if an equitable division of water should be made, 
the quantity available to each land owner might be so small that it 
would be essentially useless. Probably, the very cost of the pro- 
cedure has been a powerful factor that has tended to prevent an 
individual or small group of owners from taking the initiative looking 
toward some restriction to prevent overdraft. These possibilities 
suggest that the doctrine of correlative rights defeats the end desired 
of endeavoring to make the best use of the water supply for the many. 

There is, in certain cases adhering to the doctrines of reasonable use 
and correlative rights, evidence that the court felt the need of pro- 
tecting, as far as possible, the interests of owners who had invested 
money, but the usefulness of whose investment might be seriously 
impaired, or wholly wiped out by later developments of ground water 
by means of deeper wells or more powerful pumps. Thus, for ex- 
ample, in Katz v. Walkinshaw, the court said: 

“It is apparent that the parties who have asked for a re- 

__ eonsideration of this case and other persons of the same class, 

_ if the (English) rule for which they contend is law, or no law 
of the land, will be constantly threatened with the danger __ 
of utter destruction of the valuable enterprises and systems __ 

_ of water works which they control, and that all new enter- == 

prises of the same source will be subject to the same peril, = 
They will have absolutely no protection i in law against others e. 
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having stronger pumps, deeper wells, or a more favorable — 
situation, who can thereby take from them unlimited quan. 
tities of water reaching to the entire supply and without 
regard to the place of use. We can not perceive how a doe- 
trine offering so little protection to the investments in and) — 
product of such enterprises, and offering so much temptation’ 
to others to capture the water on which they depend, can _ 
tend to promote developments in the future or preserve those 
already made, and therefore we do not believe publie poliey 
or regard for the general welfare demands the doctrine. An 
ordinary difference in the conditions would scarcely justify 
the refusal to adopt a rule of the common law, or one which 
has been so generally supposed to exist; but where the 
differences are so radical as in this case, and would tend to 
cause so great a subversion of justice, a different rule is im- 
perative. 
“The doctrine of reasonable use, on the other hand, affords 
some measure of protection to property now existing and 
greater justification for the attempt to make new develop- 
ments. It limits the rights of others to such amount of 
water as may be necessary for some useful purpose in con- 
nection with the land from which it is taken. If, as is 
claimed in the argument, such water-bearing land is gen- 
erally worthless except for the water which it contains, then — 
the quantity that could be used on the land would be nomi- 
nal, and injunctions could not be obtained, or substantial 
damages awarded against those who carry it to distant 
lands. So far as the active interference of others is con- 
cerned, therefore, the danger to such undertakings is much 
less, and the incentive to development greater, from the 
doctrine of reasonable use than from the contrary rule. . ..” 


In the eastern case of Meeker v. East Orange (77 N. J. Law 623, 
4 A 379, 134 Am. S R 798, 25 LRA (NS) 465) the court said: 


“Tt is sometimes said that unless the English rule be 
adopted, land owners will be hampered in the development __ 
of their property because of the uncertainty that would 
thus be thrown about their rights. If the English rule is tet 
to attain, a man may discover upon his own land springs of te ate 
great value for medicinal purposes or for use in special 
forms of manufacture, and may invest large sums of money — 
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upon their development; yet he is subject at any time to 19, 
-« have the normal supply of such springs wholly cut off bya off 
neighboring land owner, who may, with impunity, sink 
deeper wells and employ more powerful machinery, and ‘T 


_ thus wholly drain the subsurface water from the land of the rid 
first discoverer.”’ di 

It then proceeds to explain why it believes the rule of reasonable 
use will be a better rule. 


__.» “In the case before us the city of East Orange might have 
this underground water supply cut off or materially impaired v1 
| by the establishment of deeper wells and more powerful _ 
pumps on some neighboring tract—even upon the tract — 
owned by the plaintiff. 
short under that (English) rule might literally make 
right... de 
_.. “We therefore adopt the latter (reasonable use) doctrine. 
_. This does not prevent the proper use by any land owner of = __ 
_.. the percolating waters subjacent to his soil in agriculture, 
_ manufacturing, irrigation, or otherwise, nor does it prevent 
reasonable development of his land by mining or the like 
although the underground water of neighboring proprietors 
may thus be interfered with or diverted. . 13 

It is evident from these quotations that the cet thought it was 
giving some measure of protection to developments of ground water 
that had already been made, including the expensive development by 
East Orange. However, for many years there seems to have been 
no attempt to say just what reasonable use meant, to define it in 
quantitative terms, other than to say that transportation of water to 
distant lands, or perhaps waste of water, if it harmed the right of the 
overlying land owner to get water, was an unreasonable use. 
wal 
THE CALIFORNIA CONSTITUTIONAL AMENDMENT 

On November 6, 1928 there was adopted an amendment to the 
Constitution of the State of California which emphasized the fact 
that the right to use water from natural streams or water courses shall 
depend upon a reasonable use, or reasonable method of use, or 
reasonable method of diversion of the water. 

Since the adoption of this amendment the California Supreme 
Court has in at least two cases taken it as justification to refuse aid 
(except to the extent that there was reasonable beneficial use) to 
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owners of riparian land who insisted that the flood waters should 
flow over their land. (Gin 8S. Chow v. City of Santa Barbara, 217 
Cal. 673, 22 P (2d 5) 1933; Peabody v. Vallejo, 2 Cal. (2d) 351, 49 
Pac. (2d) 46, 1935.) The decision in Peabody v. Vallejo is: par. 
ticularly forceful and should be read by any one who is interested jn 
the question of protecting the interests of the general public against 
the arbitrary insistence of some owners of riparian rights, or, in the 
case of ground waters, of the quasi-riparian rights of owners of land 
overlying a ground water formation. In this decision the court also 
reviewed the doctrines of correlative rights and reasonable use as 
applied to ground water, expounding its interpretation under the 
new constitutional amendment. 

The significance of the 1928 constitutional amendment to the 
California constitution is that “reasonable use’’ has now been more 
strictly interpreted in such a way as to put some limit on the use of 
water by riparian owners, and, by implication, upon the quasi- 
riparian owners of ground water rights. However, as pointed out 
above, the unsatisfactory situation still remains under which there 
is no satisfactory process by which there may be easily initiated 
_ action to limit by court order, or otherwise, the quantity of water to 
be withdrawn from a given ground-water basin. In fact the condi- 
tions discourage the inauguration of any action to bring about such a 
judicial determination, although such is theoretically possible. | Wiel, 
in speaking of certain California cases since the approval of the con- 
x stitutional amendment says: “It is true that the reader, as he starts 

= these California cases, will get the impression that there has been a 
a great upheaval. They begin with placing the 1928 constitutional 
amendment beside the Colorado-Doctrine states, totally abrogating 
the common law; they call it a lawful abridgment of the riparian 
right; they freely speak of over-ruling prior cases; but in their final 
aspect they show that what has happened has given the common law 
riparian rights firmer root by putting them in fact into the con- 
stitution.’’?? Nevertheless, as is suggested below this stricter imter- 
pretation of “reasonable use’? may eventually prove of value in 
subsequent attempts to regulate pumpage. 

So far as legal control of ground water is concerned, the California 
amendment and decisions since then are significant in that they show 
a recognition of the necessity of removing or modifying certain 


27 Wiel, S. C., Fifty Years of Water Law: The Harvard Law Review, vol. 50, 
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ideas that have dominated the most commonly accepted doctrine 
relating to the control of water supply for many years. It has shown 
also one way of bringing about such modification, namely by con- 
stitutional amendment. Whether this is the only method remains 
to be seen. 

In connection with this discussion of the trend in California, atten- - 
tion may be called to the following peculiar situation. Everett N. 
Bryan, Acting Deputy in Charge of Water Rights, Division of Water 
Resources, California Department of Public Works, has stated in a 
recent communication to one of the writers that from the leading case 
of Katz v. Walkinshaw down to the present time, the taking of water 
from an underground basin for export or use on other than overlying 
land has been referred to as an appropriation; but that, on the other 
hand, in the case of Crane v. Stevinson, 5 Cal. (2d) 387, 54 Pac. (2d) 
1100 (1936), it was held that appropriations of water are governed 
exclusively by the Water Commission Act (Chapter 586, Statutes 
of 1913 as amended) and by the provisions of section 42 of this Act 
percolating waters are removed from jurisdiction in respect to 
supervision over appropriation. 

In summarizing the results of actual practice in ground water 
utilization where the doctrines of reasonable use or correlative rights 
have been judicially recognized, it may be said that the usefulness of 
these doctrines has been essentially nullified by difficulties which 
would attend their application. The situation has been much as 
it would have been under the English rule, in that each land owner 
has installed as deep a well and as large a pump as he wished and has 
pumped about as much water as he had use for; and there is nothing 
to encourage a belief that, in the absence of control by law, the doc- 
trines can be made any more effective in the future than in the past 
in limiting the consumption of ground water in areas where the present 
actual consumption or anticipated consumption may exceed the safe 


yield of the water-bearing beds. cob 
THE DOCTRINE OF APPROPRIATION 


The doctrine of appropriation for beneficial use in the American 
jurisdiction developed largely in the semi-arid and arid states. It is, 
however, an old doctrine, as appropriations of water could be made 
under the civil law of Rome. In part at least, the doctrine of ap- 
propriation in the United States is derived from Mexico where the 
riparian doctrine does not seem to have been recognized but where 


2 
ag 
d 
= 
‘ 
d 
zs, 
e 
‘a 
= 
a 
‘ 
) 
‘ig 
x 
ig 
= 5 
J she 
; 
: 
ae 
# 
‘ 


D. G. THOMPSON AND A. G. FIEDLER [J. A. Wow, 4 
administrative officials apparently granted appropriations more oy 
less at will:' In the arid and semi-arid states appropriations of gp. 
face water are generally possible. In these states water is the natura] 
resource that is largely responsible for land values. These states are 
interested in securing the maximum development and use of available 
water supplies in order to enhance their economic growth and de- 
velopment. Most of these states have adopted the appropriative 
doctrine either exclusively or in part for surface waters because it 
leads to: maximum development and use. Some states such as 
Nevada, Wyoming, Utah, and Colorado formerly followed the 
riparian doctrine but abandoned that doctrine in favor of the doctrine 
of appropriation either by law or constitutional provision: New 
Mexico on the other hand followed the appropriative doctrine as 4 
result of court decisions of the Territory of New Mexico which were 
presumably on the basis that prior appropriation existed under 
Mexican sovereignty. 

Under the doctrine of prior appropriation the granting of an 
appropriation confers no right of ownership but only the right of use, 
and the exercise of that right is a valid license for use only as: long 
as such use is for beneficial purposes. Furthermore, use must’ be 
essentially continuous, for after a certain period of non-use, the dura- 
tion of which differs in different jurisdictions, the right to use the 
water is no longer valid but reverts to the state and may be granted 
to a new appropriator. 

The United States, by the Act of July 26, 1866, as amended 
(43 U. S. C. 661), recognizes the doctrine of appropriation of water 
on public lands. The Oregon Statutes of 1909 specified that all 
waters within the state may be appropriated for beneficial use. It 
was not until 1927, however, that a specific statute relating to ground 
water, Chapter 410, General Laws of Oregon, 1927 (approved Mareh 
3, 1927), was enacted providing for the appropriation of underground 
waters in counties lying east of the summit of the Cascade mountains, 
which is the arid part of the state. Authority is given the State 
Engineer to refuse to issue permits if the granting of a permit “will 
injure or damage any vested or existing rights under prior permits.” 
Further the State Engineer is authorized to make investigations to 
determine the amount, depth, volume and flow of all underground 
waters within the state in the area to which the law is applicable. 
The general procedure for making an appropriation follows closely 
the procedure applicable to surface waters. te 
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The most notable advance in adopting the appropriative docteimé 
occurred in New Mexico in 1927 when a statute was passed declaring 
underground waters subject to appropriation. The original law was 
declared unconstitutional because of a legal technicality that did not 
involve the validity of the doctrine of appropriation. A new law 
which overcame the defects of the old law was passed in 1931 (New 
Mex. State Legislature, 10th sess., Laws, ch. 131, 1931). The 
progress that has been attained under this law in controlling the use 
of ground water in several areas in New Mexico is described in 
biennial reports of the State Engineer published since the law went 
into effect. The law was first applied in the Roswell artesian basin, 
New Mexico, and was initially drawn up following an extensive 
study by A. G. Fiedler and 8.8. Nye of the United States Geo- 
logical Survey. The results of this study are recorded in U. 8. Geol. 
Survey Water-Supply Paper No. 639, 1933, entitled “Geology and 
Ground-Water Resources of the Roswell Artesian Basin, New 
Mexico.” 

The New Mexico law of 1931 is likely to exercise a profound in- 
fluence upon the future course of legislation relating to ground water. 
The further extension of its use, particularly in western states, is 
suggested by the action of a committee of the Association of Western 
State Engineers in proposing a ‘‘uniform underground water law for 
western States’’** which in many respects is patterned after the 
New Mexico law. 

One of the distinctive aspects of the New Mexico law that is 
especially worthy of mention is that there is definite recognition of 
the fact that ground water is no longer a hidden resource whose mode 
of occurrence, movement, and extent is mysterious and indetermin- 
able, but that on the contrary, these properties are definitely ascer- 
tainable by scientific investigation. In considering the application 
of the doctrine of appropriation to ground waters falling within the 
purview of the law by reason of their being contained in “artesian 
basins, reservoirs, or lakes, the boundaries of which are reasonably 
ascertained by scientific investigations or surface indications’? the 
court, in the case of Yeo v. Tweedy and Yeo vy. Pearson, (286 Pac. 

*® Proceedings, Seventh Ann. Conference, Assoc. of Western State Engrs., 4 
p. 45, 1934. The proposed draft is also published as appendix XV in “The — 
future of the Great Plains’; Message from the President of the United States, 


transmitting the report of the Great Plains Committee: House Doc. no. 144; 
75th Congress, Ist sess., 1937. Ya 
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Rept. 970),?* stated admirably the great merit of the appropriation 
doctrine with reference to such ground water as follows: 
“Such bodies of subterranean water are the principal re- 
_ source of the localities where they occur. Their employ- 
ment to the best economic advantage is important to the 
State. According to the “‘correlative rights” doctrine, each 
_ overlying owner would have the same right,—the right to 
use whenever he saw fit. The right does not arise from an 
appropriation to beneficial use, which develops the re- 
sources of the State. It is not lost or impaired by non-use, 
Regardless of the improvements and investments of the 
pioneers, later comers or later developers may claim their 
_ vights. The exercise of those rights which have been in 
_ abeyance will frequently destroy or impair existing improve- 
ments, and may so reduce the rights of all that none are 
_ longer of practical value, and that the whole district is re- 
duced to a condition of nonproductiveness. The preven- 
_ tive for such unfortunate and uneconomic results is found 
in the recognition of the superior rights of prior appro- 
_ priators. Invested capital and improvements are thus 
_ protected. New appropriations may thus be made only 
_ from a supply not already in beneficial use. Non-use in- 
volves forfeiture. A great natural public resource is thus 
both utilized and conserved.”’ 

In certain cases the Utah courts held that the doctrine of correla- 
tive rights, as exemplified in the California case of Katz v. 
Walkinshaw, was applicable to underground waters of the state (see 
Glover v. Utah Oil Refining Co., 218 Pac. 955, 1923). However, 
in 1935 the legislature enacted a statute placing underground water 
on ap appropriation basis similar to surface water. The doctrine of 
appropriation of ground waters is also recognized in Idaho and 
Nevada. In Colorado appropriation of ground waters is recognized; 
but the tendency is to recognize the ground water as tributary toa 
surface stream and appropriations of ground water take their place 
with surface water appropriations in order to priority. In Arizona 
appropriation of ground water is only recognized as applying to 
definite underground channels and to springs.*° 


29 See also: Meinzer, O. E., Progress in the Control of Artesian Water Sup- 
plies, Engineering News-Record, vol. 113, no. 6, pp. 167-169, Aug. 9, 1934. 
*° See an excellent discussion by Smith, G. E. P., Ground-water law in 
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One feature of the interpretation of the doctrine of appropriation 
in certain cases deserves notice. Thus, in two Idaho cases (Bowers 
y, Moorman 27 Idaho 162, 147 Pac. 496, 1915; Noh v. Stoner et al. 
96 Pac. (2d) 1112, 1933) where prior appropriators claimed harmful 
effects from wells of later nearby appropriators or users, the court 
awarded damages. There is no indication in the decisions that the 
defendants set up as their justification, that by the laws of nature it 
would generally be impossible for any subsequent user of ground 
water to pump from the same water-bearing formation without 
affecting to some degree the water level and yield of every well pre- 
viously installed in the area. Carried to an ultimate conclusion, 
these decisions might mean that in many areas the first appropriator 
could require damages from every subsequent appropriator and each 
subsequent appropriator, in turn of priority, could require damages 
from all later appropriators, until the last one would have to pay 
tribute to all. If the doctrine of appropriation is to accomplish the 
desired end of making full use of the ground-water resources of the 
state, it must be recognized that some lowering of the water table or 
of the artesian pressure is a reasonable result of a reasonable method 
of diversion (pumping) of the water, and should not constitute a 
basis for damages. 

oct 
ATTEMPTS AT LEGAL CONTROL IN THE EASTERN STATES 


Coming back to the eastern part of the country, our attention to 
attempts to control the use of ground water in order to conserve the 
supply may be focused on a few states. In New Jersey there has 
been a partial control of the ground water by the State since 1910, 
and there has been somewhat similar control in New York since a 
more recent date. In each of these states the control is through laws 
which provide that new or additional developments of either surface 
or underground water for public supply, by municipalities or privately 
owned water-supply companies, can not be made until the super- 
vising commission has approved the plan for such development. 
Favorable action by the controlling commission apparently does not 
establish a grant of any right to use the water, but is primarily an 
approval of plans. The present New Jersey law states that, after 
due public hearing, the “commission shall determine whether the 


Arizona and Neighboring States: Univ. of Arizona College of Agriculture Tech. 
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plans proposed are justified by public necessity, ...and whether 
such plans are just and equitable to the municipalities and ¢iyil 
divisions of the State affected thereby and to the inhabitants thereof, 
particular consideration being given to their present and future 
necessities for sources of water supply.”’ 

The original law stated somewhat more specifically that the com. 
mission should decide ‘‘whether by taking waters necessary for this 
use they interfere unduly with the opportunity of other municipalities 
to obtain for themselves a water supply, or whether the taking of 
sub-surface waters will unduly injure public or private interests,” 
The original law also contained the statement: “the approval of the 
commission shall constitute the State’s assent to the diversion of 
water from either surface, sub-surface, well or percolating, for use 
within the state, and the right to construct and operate the water 
works in accordance with the terms of the decision and plans filed 
therewith.’’ This phrase does not appear in the 1929 law. It is 
worthy of note, however, that in 1931 the city of East Orange was 
required to pay damages to an owner of land overlying the water- 
bearing beds (Braidburn Realty Corp. v. City of East Orange 107 
N. J. L. 291, 153 Atl. 714), although the application of the city to 
divert ground water had been approved by the Water Policy Com- 
mission. In this case, in reversing the decision of the lower court, 
the New Jersey Court of Errors and Appeals said that the case of 
Meeker v. East Orange “‘settled the principle in this state of ‘reason- 
able users.’’’ This decision seems to imply that, after all, approval 
by the State Water Policy Commission means little, if anything, so 
far as insuring to the applicant any right to use the water. Never- 
theless, the laws in both New Jersey and New York have had some 
effect in controlling the use of ground water by public-supply systems 
in certain areas where there is danger of the safe yield being exceeded, 
either by actual refusal to approve an application or by modifying 
provisions as to the location of wells or quantity to be withdrawn for 
public supply. 

In both New Jersey and New York, except as noted below, the law 
does apply to diversion of water by industries or others using the 
water for purposes other than public supply systems. This dis- 
tinction has brought about a peculiar situation in that upon showing 
that a proposed development for municipal supply may injure an 
existing private supply, the respective controlling commissions may 
refuse, and have refused, to approve the public development. On 
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the other hand, after a municipal development has been approved by 
the State and has been completed, perhaps at considerable expense, : 
there is nothing to prevent a private development being made which f 
may greatly reduce the capacity of the wells of the public system or mi) d 
perhaps even destroy its usefulness. To this extent the laws in New et 
Jersey and New York afford little consideration to the general public 
in communities which are supplied by ground water, in contrast to 
the advantage offered to the private individual or corporation. It As 
isa similar situation in England that has been cited by Gourley as an os, 
impelling reason for the movement in that country to get away ft ~~ ve 
the old English doctrine.*! ait" 
in vist 
THE NEW YORK “POLICE POWER’’ LAW OF 1933 
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In 1933 the New York legislature amended the laws relating to ee 
State Water Power and Control Commission, to provide that: 
. no person, firm or corporation shall hereafter install 
ad or operate any new or additional wells in the counties of 
Kings, Queens, Nassau and Suffolk, [which comprise Long 
[sland] to draw water from underground sources for manu- 
facturing or industrial purposes or for use in manufacture 
or industry where the capacity of such wells singly or in the 
aggregate is in excess of 100,000 gallons a ep without first 
obtaining the approval of the commission.... The pro- 
visions of this act hall not apply to the use ‘of water for 

agricultural purposes.” 

The first section states: 
“Facts having been presented by the Water Power and 
Hath Control Commission and the United States Geological 
Survey indicate that the depletion of underground waters 
under Long Island is such as to threaten the adequacy of 
water supply for domestic consumption of the inhabitants 
thereof, this enactment is made in the exercise of the police 
_ power of the State and its purposes generally are to protect 
the public health, and public welfare in conserving the 

supply of water for domestic consumption.”’ 

This is, so far as the present writers are aware, the first instance in 
which the police power of the state has been openly invoked to give 


* Gourley, H. J. F., English Law Does Not Control Ground Water Draft: 
Water-Works Enginceritig, 89, PP. 1204-1087, See 
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to a state regulative body the power to control the withdrawal of 
underground water. 

The New York law of 1933 undoubtedly has had beneficial results. 
It was enacted near the beginning of the veritable wave of develop. 
ment of ground water for air-conditioning. Russell Suter, Executive 
Engineer of the New York Water Power and Control Commission, 
has informed the writers that since the passage of the bill there haye 
been more than 300 applications for approval of wells, of which 204 
were to be used for air-conditioning. Approval for these has been 
granted only on condition that the water be returned to the ground 
through so-called ‘‘diffusion wells.’”** Mr. Suter estimates that the 
quantity of water involved in the applications related to air-condj- 
tioning is about two and a half billion gallons per year (averaging 
about 7 million gallons a day, but undoubtedly much greater in 
certain seasons than in others). In addition the commission has 
approved applications for about 70 other industrial wells, involving 
about ten million gallons a day with the same requirements that the 
water be returned to the ground. Although the total quantity of 
water is not great as compared to the vast quantity of water taken 
from wells in the western part of Long Island, nevertheless the re- 
striction put on the use of the water has undoubtedly helped to retard 
the advent of serious results, particularly the intrusion of salt water, 
because many of the wells are situated in an area where the supply is 
already greatly overdrawn.* 

The writers wish to suggest—and perhaps the same thought has 
occurred to others—that, in view of the recent interpretations put 
upon the terms “reasonable use, reasonable method of use,” etc., 
in the California cases following the amendment to the constitution 
of that State, it might well be argued that the use of a large quantity 


32 It is by no means certain that the use of diffusion wells will prove uni- 
versally successful, there being a tendency for some return wells to clog up, 
and in some localities there has already been some rise in the temperature of 
the ground water. See paper by M. L. Brashears, Jr., Ground Water for Air- 
conditioning, presented at meeting of American Geophysical Union, April 28, 
1938, and to be printed in 1938 Transactions of the Union. 

33 Laase, W. F., Some Surface Water Supply of Western Long Island and Its 
Utilization: The municipal Engineer’s Journal, First Quarterly Issue, pp. 26- 
27 and accompanying map; 1934; Suter, Russell, Water Supplies of Long 
Island: New York Department of Conservation Water Power and Control 
Commission Bul. GW-2, 1937, pp. 47-51 and Fig. 26. See also JoURNAL OF THE 
AMERICAN WaTER Works AssociaTION, February , 1938, pp. 289 et. seq. 
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of ground water as the cooling agent for air-conditioning, if it is 
needed for other more beneficial uses, may be considered an un- 
reasonable use, in view of the fact that the same results may be 
accomplished by other methods which do not use so much water. 
There may be some question as to whether such an argument would 
be effective as applying to a factory, in Brooklyn, for example, for 
use of ground water in making soap, or paper or in some other process 
in which there could be no substitute for the water and in which the 
water would be so polluted by trade waste that it could not be turned 
back into the ground. It will be remembered that the New York 
court: recognized the doctrine of reasonable use in 1900 (Forbell v. 
The City of New York, 164 N. Y. 522) and at that time it said: 

_». “Jt is not unreasonable, so far as it is now apparent tous, 
that he [the owner] should dig wells and take therefrom 
all the water that he needs in order to gain the fullest en- 
_ joyment and usefulness of his land as land, either for pur- 
-» poses of pleasure, abode, productiveness of soil, trade, 
manufacture, or for whatever else the land as land may — 

serve....” 

Would it be consistent with this pronouncement to say to owners of 
land overlying water-bearing beds that such use is now not a reason- 
able use and is prohibited? Perhaps the court, if now required to 
decide the issue, might extend the meaning of “reasonable use” 
on the basis of the recent California cases, and might say that the 
use of ground water for making soap, or paper is not a reasonable use; 
that by prohibiting such use the property owners’ right, although 
curtailed, is not wiped out because he can still buy water from the 
city supply, or use his land for some purpose that does not require a 
large quantity of water. 

In this connection it is worthy of note that in 1929 the Hawaiian 
court expressed the opinion that the police powers of the Territory 
“cannot be deemed to justify, under the showing made in this case, 
the prohibition of the appellant’s proposed well while at the same 
time permitting all existing wells to continue to be operated without 
dininution’”’; but it did recognize that the Territory could exercise 
the police power to the extent of regulating the exercise of private 
rights “to the end that the health and safety of the community may 
be preserved and that the right of co-owners may not be violated.” 
ae Mill Co. Ltd. v. Honolulu Sewer Water Commission, 30 Haw. 
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, The 1933 police power law of New York gives to the Water Power 
~ and Control Commission jurisdiction over wells having a capacity of 
more than 100,000 gallons per day, which is roughly 70 gallons per 
minute. Now suppose that in a square mile in the most thickly 
populated or heavily industrialized sections of Brooklyn one. well 
should be put down in each block and pumped at the legal limit of 
100,000 gallons a day. Assuming city blocks 528 feet square, the 
total pumpage from such wells on a square mile would be 10 million 
gallons per day. This figure may not be entirely fantastic when it is 
remembered that air-conditioning has been increasing so fast that it 
is now almost necessary for good eating places, moving picture 
theatres, department stores, and even drug stores and small wearing 
apparel shops to be able to display a sign “air cooled”’ if they are to 
hold their share of business. In this connection it should be remem- 
bered that, as stated on a previous page, if the water were divided 
equally among all lands in proportion to their area and the estimated 
safe yield of the water-bearing sands per square mile, each block 
would be entitled to only about 10,000 gallons a day, or 7 gallons a 
minute. In many parts of the United States the average daily rate 
of recharge would be much less. It would seem that, if a law similar 
to that now operative on Long Island is to be thoroughly effective, 
the limit of pumpage beyond which a well would come under jurisdic- 
tion of the controlling commission should be placed considerably 
below that stated in the New York law, and in fact probably as low 
as the estimated rate of recharge. If any is to be set up on this 
basis it should be done in the near future before so many wells are 
put down to use quantities of water in excess of the prescribed limit 
and before irreparable damage results. = | 
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s POSSIBILITIES FOR FUTURE LEGISLATION 

- Conditions could be cited in a number of States where it is ex- 
ceedingly desirable that some limitation be placed on consumption 
before a valuable natural resource is largely destroyed. It appears 
that the doctrines of reasonable use and correlative rights, at least as 
recognized thus far, do not afford any hope of bringing about the 
desired control. The question arises as to what effective measures 
can be taken. This question has been considered by engineers and 
geologists for many years, and it has become the conviction of an 
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increasing number of them that the doctrine of appropriation, 
properly applied, offers the only satisfactory answer. 

The doctrine of appropriation of ground water is already recognized 
in several of the western states but apparently no effort has been 
made to introduce it into any eastern state.* The hesitancy to 
make the attempt to apply the doctrine of appropriation of ground 
water has been due perhaps in part to the fact that in certain court 
decisions which depart from previously recognized doctrines it is 
assumed that water has greater value in the West than in the East. 
This is, however, no longer a valid argument, in view of our present 
knowledge of the limitations of water supply in eastern areas. 

In some western states the inauguration of the doctrine of appro- 
priation as applied to ground water has been facilitated by the fact 
that the state constitutions carry a clause stating, in effect, that all 
waters in the state belong to the public or that the waters are subject 
to appropriation, or some other statement by which the public 
ownership of the water is declared. The Articles of Amendment 
of the Constitution of Massachusetts (Article XLIX) states that 12 
“the conservation, development, and utilization of the agricultural, i 
mineral, forest, and water and other natural resources of the com- 
monwealth are public uses....’’ The Constitution of Ohio (Article 
2, Section 36) states that ‘laws may also be passed to. . . provide for 
the conservation of the natural resources of the State, including 
streams, lakes, submerged and swamp land, and the development and , 
regulation of water power and the formation of drainage and con- ; 
servation districts.’’ Perhaps these declarations give sufficient basis | 
for legislation providing for appropriation of ground water. Un- 
fortunately, the constitutions of most of the states, except the so- 
called western irrigation states, are entirely silent as to water rights, 


4 See especially the following: Suggested Principles of State Legislation 
Relating to the Use of Underground Water: Publication No. 3 (6 pp. mimeo- 
graphed), prepared by Technical Advisory Committee on Reclamation Drain- 
age and Irrigation Policy, W. W. McLaughlin, Chairman, a committee of the 
National Land Use Committee organized in February, 1932, which is not to be 
confused with the present National Resources Committee. The future of the 
Great Plains; Message from the President of the United States, transmitting 
the report of the Great Plains Committee; House Document No. 144, 75th 
Congress, Ist Session. Section on legal problems relating to water utilization, 
pp. 115-119, and Appendix XV. See also footnote 29. 

* During the past year the State of Pennsylvania passed a law which pro- 
vides for the appropriation of surface water, but it makes no mention of 
ground water. 
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and the method of approach is not so obvious. The Constitution of 
Arkensen (Article X, Section 1) provides that ‘‘the General Assembly 
shall pass such laws as will foster the agriculture, mining, and manp. 
facturing interests of the State.’’ Perhaps this provision is gyffj. 
ciently broad to permit legislation looking toward the controlled 
use of the ground water, particularly in view of the fact that one of 
the state’s largest cash industries, the growing of rice, is dependent 
upon an abundant supply of water, and there is some reason to be- 
lieve that the present ground-water supplies may even now be over. 
drawn. In the states where there is no helpful clause in the state 
constitution, there remains the possibility of amending the con- 
stitution to specifically provide for appropriation of either surface or 
ground water. 

The question may also be raised as to whether it may be possible to 
bring about appropriation of water without a declaration of the 
doctrine in the state constitution. These suggestions raise: legal 
questions of an involved and difficult nature which we, who have no 
legal training, cannot adequately discuss. We venture, however, to 
call attention to certain facts which seem to have received little 
emphasis. We have endeavored to look for new points of advantage 
to be gained from present knowledge of the principles of ground- 
water hydrology. 

It may be argued that there is little possibility of changing:to the 
doctrine of appropriation in states where the public ownership of 
waters has not already been recognized by the state constitution 
without constitutional amendment. The paramount objection likely 
to be raised is that the adoption of the doctrine of appropriation and 
doing away with the English doctrine or the doctrines of reasonable 
use or correlative rights in the case of lands overlying water-bearing 
formations, would be a violation of that part of the 14th amendment 
of the Constitution of the United States which states that no State 
shall “deprive any person of life, liberty, or property, without due 
process of law . . .”’; it being argued that the abolition of the riparian 
or quasi-riparian rights would be the taking of property within the 
meaning of the constitutional amendment. As a matter of fact, the 
Supreme Court of the United States has given a number of decisions 
which have interpreted the application of the 14th amendment in 
such a way as to give a reasonable hope that it would not look upon 
the abandonment of the doctrine of riparian rights as the taking of 
property without due process of law, and has specifically recog 


| 
a 
A 
| 
‘ 
‘cd 
an 
“4 
| 
4 
4a 
* 
a 
| 
j 


“California Law Review, vol. 22, pp. 251-276, March 1934. 


the power of the states to change from the doctrine of riparian rights 
to the doctrine of appropriation. 
Let us consider briefly some of these decisions and their implica- 
tions as applied to the present problem. For a more detailed and 
enlightening discussion the reader is referred to an article entitled 
“Constitutional law—Conservation of waters—Validity of statutes 
limiting riparian rights,” by C. M. Niesen.* 
In this article the author considers the constitutionality of a law 
passed in Oregon which would limit the rights of riparian owners to 
such flow of a stream as is necessary to preserve to him the beneficial 
uses to which he was actually using the water at the time of passage 
of the law. Reference should also be made to a brief unsigned note 
under the title ‘“‘Waters—Constitutionality of Legislative Deter- 
mination and Limitation of Riparian Rights,’’*’ and to an article 
entitled “Some suggestions concerning the California law of riparian ‘3 
rights,” by Joseph W. Bingham.* 
In 1905 the State of New Jersey passed a law (Chap. 238, Laws of © - 
New Jersey of 1905) which prohibited the transportation of water 7 
into another state. This law was upheld by the Supreme Court of — A 
the United States in the case of Hudson County Water Co. ee ae 
v. McCarter, Attorney General of the State of New Jersey (209 
U. 8. 349 (1908, affirming 70 N. J. Eq. 695). In doing so the court — 5 
chose to minimize arguments advanced by the State in support of its x 
authority that as a riparian owner it was entitled to preserve the _ 3 
integrity of the streams and that, moreover, it was entitled to an 
injunction as successor to the crown and representative of the public. 


objections that had been raised against it. This decision of the ese 2 
Supreme Court, written by Justice Oliver Wendell Holmes, said in 
part: 
“But we prefer to put the authority that can not be denied 
to the State upon a broader ground than that which was em- 
phasized below, since in our opinion it is independent of the 


more or less attenuated residuum of the title that the State $s : 
may be said to possess. 
* The Michigan Law Review, vol. 34, pp. 274-280, 1935. vi etal 


Harvard Law Review, vol. 40, p. 1023, 1927. 
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under consideration in the exercise of the police power of the State oe 
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“All rights tend to declare themselves absolute to their 
logical extremes. Yet all in fact are limited by the neigh- 
borhood of principles of policy which are other than those 
on which the particular right is founded, and which becomes 
strong enough to hold their own when a certain point is 
reached. The limits set to property by other publie in- 
terests present themselves as a branch of what is called the 
police power of the State. The boundary at which the con- 
flicting interests balance cannot be determined by any gen- 
eral formula in advance, but points in the line, or helping to 
establish it, are fixed by decisions that this or that concrete 
case follows the nearer or farther side. For instance, the | 
police power may limit the height of buildings, in a é¢ity, | 
without compensation. To that extent it cuts down what 
otherwise would be the rights of property. But if it should 
attempt to limit the height so far as to make an ordinary. 
building lot wholly useless, the rights of property would | 
prevail over the other public interest, and the police power, — 
would fail. To set such a limit would need compensation — 
and the power of eminent domain. coh 

“Tt sometimes is difficult te fix boundary stones between 
the private right of property and the police power, when, — 
as in the case at bar, we know of few decisions that are very. 
much in point. But it is recognized that the State as quasi- 
sovereign and representative of the interests of the public _ 
has a standing in court to protect the atmosphere, the water _ 
and the forests within its territory, irrespective of the assent. 
or dissent of the private owners of the land most im- 
mediately concerned. .. . bite 

“The problems of irrigation have no place here. Leaving _ 
them aside it appears to us that few public interests are more ~ 
obvious, indisputable, and independent of particular theory 


than the interest of the public of a State to maintain the 
rivers that are within it substantially undiminished, except — 


by such draft upon them as the guardian of the public wel- 
fare many permit for the purposeof turning them toa more _ 
perfect use. This public interest is omnipresent wherever 


there is a State and grows more pressing as population grows. gh 


It is fundamental and we are of the opinion that the ata 
property of riparian owners cannot be supposed to hay 
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deeper roots. Whether it be said that such an 
fies the cutting down by statute, without compensation, in 
wes exercise of the police power, of what otherwise would be 

‘vm rate rights of property, or that apart from statutes those 
rights do not go to the height of what the defendant seeks 

todo, the result is the same. But we agree with the New 

Jersey courts, and think it quite beyond any rational view 

of riparian rights that an agreement, of no matter what 

private owners, could sanction the diversion of an important 
stream outside the boundaries of the State, in which it flows. 

_ The private right to appropriate is aihinct not only to the 

_ rights of lower owners but to the initial limitations that it 
may not substantially diminish one of the great foundations 
of public welfare and health. 

“We are of the opinion further, that the constitutional 
power of the State to insist that its natural advantages 
shall remain unimpaired by the citizens is not dependent 
upon any nice estimate of the present use or speculation as 
tothe future needs. The legal conception of the necessity is 
apt to be confined to somewhat rudimentary wants, and 
there are benefits from a great river that might escape a 
lawyer’s:view. But the State is not required to submit even 
to an aesthetic analysis. Any analysis may be inadequate. 

It finds itself in possession of what all admit to be a great 
public good, and what it has it may keep and give no one a 
reason for its will.” 

Another case which seems to have a bearmg upon the subject: 1 is 
that of Trenton v. New Jersey, 262, U. S. 182 (1923)... Under a 
law of am, which provided that public water supply systems should | 
pay an “excess diversion fee’’ for all water used in excess of a certain — 


= 


base quantity, the State of New Jersey had collected a large sum — 
from the city of Trenton. The city claimed the right to take from 
the Delaware River all the water that is required without limitation © 


as to quantity and without license fee, arguing that such right had 
been given by a legislative act tothe officials of the original Trenton 


Water Works; which was subsequently purchased by the city. In 


the decision of the Supreme Court of the United States, Mr. Justice 
Butler said in part: 

“The State undoubtedly has power, and it is its duty, 

to control and ¢ conserve the use of its water resources for the 


: ip 
a 
4 
d 
=) 
i 
5, 
4 


1.086 D. G. THOMPSON AND A. G. FIEDLER [J. A: w,, 


Pie ee benefit of all its inhabitants, and the Act of 1907 Was passed 
ss: pursuant to the policy of the State to prevent waste and to 
economize its water resources. ... The power to determine 
‘the conditions upon which water may be so diverted is a leg. 
_-—sisiative function. The State may grant or withhold the 
privilege as it sees fit. . . . 
“The diversion of water from the sources of supply for the 
use of the inhabitants of the State is a proper and legitimate 
function of the State. This function may be left to private 
enterprise, subject to regulation by the State; it may be per- 
formed directly; or it may be delegated to bodies politic 
created for that purpose, or to the municipalities of the 
State.” 
These vigorous statements of the United States Supreme Court 
4 - suggest that if the Legislature of New Jersey were to pass a law 
stating that the doctrine of reasonable use is abrogated in favor of 
the doctrine of appropriation, subject to rights already established 
. by actual use, such legislative enactment might be upheld by the 
a 4 Supreme Court. 
: For many years there has been some abridgment of property rights 
-” through the enactment of state laws based upon the police power 
2 = - of oo state. Originally the exercise of the police powers seems to 


health, the public morals, or the public safety. Among the best 
_ known examples of exercise of the police power in this way is the 
enactment of laws setting up state or city departments of health and 
_ authorizing them to enforce regulations in regard to the quarantine 
of communicable diseases, licensing laws of one sort or another, and 
- goning laws. In case of Reinman v. Little Rock, (237 U. 8. 171), 
- the United States Supreme court ruled in favor of the city of Little 
Rock which had set up regulations which prevented the operation 
of a livery stable in a certain locality. In another decision (Hada- 
_ check v. Los Angeles, 239 U. 8. 394, 368. Ct. 148, 1915), in which the 
Supreme Court upheld the right of the city of Los Angeles to prohibit 
the operation of a brick yard, it was said: ‘“There must be progress, 
7. and in its march private interests must yield to the good of the con- 


State to protect the health of its citizens that the State of Wisconsin 
passed a law, effective January 1, 1936, which set up certain standards 
for all wells and providing for the licensing of well drillers. It is also 
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presumably on the same basis that some cities have required permits 
before water wells can be drilled or prohibiting the use of private 
wells for domestic supply. 

However, the Supreme Court has gone even further. As long ago 
as 1906, in the case of C. B. and Q. Ry. v. Illinois, (200 U. S. 561 
and 592, 26 S. Ct. 341) it was said that “the police power of a State 
embraces regulations designed to promote the public convenience or 
the general prosperity, as well as regulations designed to promote the 
public health, the public morals, or the public safety.” The cases 
cited by Niesen having the closest relationship to the contemplated 
use of police powers to conserve water supplies are those which have 
involved the conservation of oil or gas. In the case of Wall v. 
Midland Carbon Company (254 U. 8. 300, 41 8S. Ct. 118, 1920) the 
United States Supreme Court upheld a Wyoming State law which 
prohibited a plant from making carbon black out of natural gas 
within ten miles of a city unless it recovered all lost heat and put it 
to beneficial use, but the law did not prevent such plants beyond ten 
miles from a city. The Supreme Court has also upheld statutes in 
Indiana (Ohio Oil Company v. Indiana, 177 U. 8. 190, 20 S. Ct. 
576, 1900) and Oklahoma (Champion Refining Company v. Cor- 
poration Commission of Oklahoma, 286 U. 8. 210, 528. Ct. 559, 1931) 
placing limitations on the withdrawal of oil from the ground. In 
these cases the court recognized a double reason for its decision: 
first, to protect the rights of adjoining land owners, and second, to 
conserve a limited natural resource in which there was a community 
interest. 

Niesen points out that because of this double justification there had 
been, up to the time he wrote, no clear-cut decision upholding the 
exercise of the police powers solely on the basis of recognizing the 
public interest in conservation, although it appears that considerable 
emphasis was placed by the court upon this justification. He also 
points out that, in considering the restriction of the rights of riparian 
owners in favor of the doctrine of appropriation, there are two points 
to be considered. First there is the question as to whether, between 
the State and the riparian owner, the public interest involved justifies 
a limitation of the riparian owner’s rights. Second, as between the 
riparian owner and the non-riparian appropriator, is the question 
of whether the Oregon statute already referred to amounts to taking 
aright from one person and giving it to another. He suggests that 
question may be viewed as primarily one between the interest of 
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the public in conservation of the water supply and of the riparian 
owner; and that the possible beneficial effects upon a third person are 
merely a result of the way in which the public interest is protected. 
He suggests further that the Oregon statute can not be said to be 
arbitrary or unreasonable inasmuch as it preserves to the riparian 
owner such water as is necessary for his normal domestic use whether 
or not he was actually using the water for such purposes when the 
law was passed, and, moreover, the riparian owner has an equal 
right to make an appropriation of water under the statute. 
he expresses the opinion that “the United States Supreme Court will 
probably sustain legislation like the Oregon statute when the issue 
is squarely presented since (1) the public interest in the conservation 
and economic use of a limited water supply furnishes a valid object 
for the exercise of the state police power, and (2) the statute limiting 
the right of riparian owners to existing beneficial uses, when made a 
part of a water code providing more economic distribution of the 
surplus water thus conserved, is reasonably calculated to effect this 
public interest.’ 


Finally, 


In further support of this argument, it may be pointed out that 


the United States Supreme Court has specifically upheld the right of 
states to change from the common law rule of riparian ownership and 
adopt the rule of appropriation. 
Irrigation Co. (174 U. 8. 690, 1899) the court said (page 702): 


In United States v. Rio Grande 


“The unquestioned rule of the common law was that 


every riparian owner was entitled to the continued natural 


flow of the stream. ... While this is undoubted, and therule 
obtains in those States in the Union which have simply _ 


adopted the common law, it is also true that as to every __ 


stream within its domain a State may change this common 
law rule and permit the appropriation of the flowing water 
for such purposes as it deems wise... .”’ exes! 


The court continues (page 704): ae 


although there has been in all the western States 


an adoption or recognition of the common law, it wasearly 


developed in their history that the mining industry in | 
certain States, the reclamation of arid lands in others, com- 
pelled a departure from the common law rule, and justified 
an appropriation of flowing waters for both mining purposes 
and the reclamation of arid land, and there has come tobe 


recognized in those States, by custom and by State legis- 
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 Jation, a different rule—a rule which permits, under certain 
eireumstances, the appropriation of the waters of a flowing 
stream for other than domestic purposes. So far as these 
gules have only a local significance, and affect only questions 
between citizens of the State, nothing is presented which __ 
ells for any consideration of the Federal courts.” te 

In summary, bearing in mind the expressions of the Supreme Court 
of the United States from the case of Hudson County Water Com- 
pany v. McCarter, Attorney General of New Jersey, in 1908, down 
through those of later years, although they do not relate specifically 
to ground waters, it seems that there is a reasonable hope that, pro- 
vided there is sufficient public sentiment to obtain the necessary 
legislation, it may be possible in almost any state of the Union where 
there is not now a constitutional prohibition to provide for the adop- 
tion of the rule of appropriation, not necessarily by constitutional 
amendment but simply by the enactment of a carefully written 
statute.*® 

May we venture to suggest, on the basis of hydrologic experience 
and court decisions of the past, certain precautions which would be 
desirable. Thus the mere omission of phrases justifying the applica- 
tion of the police power might be sufficient grounds for the overthrow 
of the law on a legal technicality. It would probably be advisable to 
include all statements that may be applicable, rather than to omit 
what may later prove to be important. It is our belief that it will 
be desirable, from the standpoints of both law and the physical 
principles involved, to set forth the need for the appropriation rule 
and the justification for the exercise of the police power in promul- 
gating it, and to declare that all waters to which a right has not 
already been established are public waters. It may be necessary to 
recognize rights established by use of water prior to and effective at 


** Recent news notes state that the Attorney General of the United States 
has asked permission to intervene in litigation before the Federal Supreme 
Court between the States of Nebraska, Wyoming, and Colorado over the 
division of water in the North Platte River, (Engineering-News Record, vol. 
120, p. 488, April 7, 1938; same, vol. 120, p. 607, April 28, 1938.) The Federal 
Government has advanced the argument that unappropriated waters of west- 
ern streams belong to the United States because the territory was purchased 
by the Federal Government from Spain, France, Mexico, and Texas, and the 
rights to surplus unappropriated water have never been surrendered. 
Whether this argument might be applied to ground waters is not at present 
indicated. 
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time of the enactment of the law. Moreover, a clause to recognize 
-- quasi-riparian rights and permit landowners to acquire appropriative 


rights for the use of water in the reasonably prospective future, as 
within a period of a year or two after passage of the law, would Satisfy 
- some owners who might otherwise claim that their rights were unduly 
abridged, and would offer some extra protection on the basis that they 
have full opportunity to acquire such rights. After such period no 
further quasi-riparian rights would be recognized. The law should 
also contain a clause providing that land owners will at any time jn 
the future be permitted to draw upon the ground-water supply to 
meet their ordinary domestic needs and needs for watering live stock, 
but it would be well to indicate specifically some limit to these needs, 
It would be desirable to define certain uses of water that would be 
recognized as being unreasonable uses and subject to prohibition jf 
deemed necessary, such as the use of large quantities of ground water 
as the cooling agent in air conditioning, it being recognized that other 
methods are available which use less water. <A provision that the 
_law is to be applied only to areas where there is danger of overdraft, 
would simplify the administration of the law and would gain the 
support of persons who might otherwise fear that it might not be 
to their best personal interest. The application of the doctrine of 
appropriation would require some administrative body to make 
determinations of fact, especially to determine the safe yield of 
ground-water basins where needed, and refuse further appropriations 
beyond that safe yield. 

A law such as has been suggested would recognize certain features 
of the doctrine of correlative rights and reasonable use, in that it 
would give to each land owner a correlative inalienable right to a 
certain quantity of water, sufficient for ordinary domestic purposes 
and would define certain uses as reasonable or unreasonable. It 
would protect the right of owners of wells who have already made an 
investment, but at the same time it would encourage the develop- 
ment of a resource that is common to all of the overlying land by not 
requiring that a large part of it be held for land owners who do not 
wish to use it or delay in developing it. It would be to the interest 
of a great majority of the citizens who use public water supplies n 
that their supply would not be jeopardized, and they would be pro- 
tected from paying tribute to selfish and unreasonable land owners. 

Only by making an attempt can it be determined whether it will 
ever be possible to break away from the doctrines which, with plenty 
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of time to test them, have proved to be a failure in conserving our 
ground-water s supplies. If this goal can be attained, the sooner it is 
reached the better. If there is truly an adequate legal basis by which 
the doctrine of appropriation may be recognized, there remains the 
task of writing a draft of the law, or perhaps first a constitutional 
amendment that will meet the approval of the people of each juris- 
diction. This task requires the cooperation of the lawyers, but the 
geologists and engineers should see to it that the lawyers clearly 
understand the scientific principles of ground-water hydrology that 
are involved, in order that they may realize the necessity for the 
doctrine of appropriation and properly provide for the efficient 
utilization and conservation of the ground-water supplies. 

The writers wish to acknowledge the benefit of discussion of some 
of the problems herein considered with O. E. Meinzer, J. F. Deeds, 
and P. H. Salomon of the Geological Survey, and H. D. Padgett. 
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WATER PROBLEMS OF HOUSTON” 


od By L. R. Howson* rs 
Asa preliminary to a discussion of the problems of the Houston 
well-water development, it will be helpful first to get a general 
picture. 

Houston is located on the Gulf coastal plain which is a narrow 
strip varying from a few miles up to fifty miles in width. It was 
elevated in comparatively recent geological times to from 20 to 50 
feet above sea level. The coastal plain is cut by numerous rivers 
and creeks having steep sided channels. The four rivers, which 
drain 40 per cent of the area of all Texas and provide a much greater 
percentage of the stream flow, can all be reached within a maximum 
distance of fifty miles of Houston. 

The City of Houston has had a phenomenal growth. It increased 
from 138,276 in 1920 to 292,352 in 1930. This increase of over 110 
per cent in a single decade is a rate of growth nearly three times 
that of the average American city. The growth has continued, even 
through the depression, at the rate of approximately 10,000 people 
per year. It has been estimated in a recent report to the City of 
Houston on its water supply that the population will increase to 
1,800,000 people by 1980. 

Such a growth has resulted from a coincidence of favorable cir- 
cumstances, one of which was the availability of an abundant supply 
of water which was well adapted for industrial as well as domestic 
use. It is well recognized locally that this estimate of future growth 
can be realized only if there is assurance of an adequate supply of 
satisfactory water in an amount which it is estimated will increase 
from 80 million gallons per day in 1937 to 125 m.g.d. in 1950, 
175 m.g.d. in 1960 and 316 m.g.d. in 1980. Doubling or quadrupling 
the present large well water development in this area introduces 
serious problems of economics, recession of water levels, and salt 
water encroachment. 

The City of Houston occupies an area of approximately 97 square 
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*A paper presented at the New Orleans convention, April 26, 1938 by 
L. R. Howson, Cons. Engr., Alvord, Burdick & Howson, Chicago, Ill. 
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miles, of which nearly 6 square miles is water surface, leaving 
approximately 91 square miles of land surface. In this compara- 
tively small area, there was withdrawn from underground sources 
in 1937 an average of over 80 m.g.d., an amount believed to be un- 
equalled in any similar area. In addition to this pumpage within 
the city limits of Houston, oil refineries at Baytown immediately 
adjoining the Houston city limits and the Galveston development at 
Alta Loma developed an additional amount averaging 20 m.g.d. 
During part of this time, rice irrigation at Katy, but 25 miles distant 
from Houston, developed an additional 55 m.g.d., so that for consider- 
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able periods in this relatively small area the daily withdrawals of 
underground water exceeded 150 m.g.d. 

During 1937 a large industry developed a new ground water supply 
within the city limits of Houston. This industry drew an average 
of 21 m.g.d. from the underground sources, an increase of about one- 
third over that previously developed in the area. 

In view of the rapid increase in withdrawals from the under- 
ground water supply resources in this area, the U. S. Geological 
Survey in co-operation with the City and State has for several years 
been studying the situation and accumulating data in an effort to 
determine the effect of these withdrawals upon water levels and pos- 


sible salt water encroachment. = 
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GEOLOGICAL STRUCTURE IN THE HOUSTON AREA” 
All ground water originates as rainfall. A part of the rainfall 


is disposed of as run-off through the natural drainage channels; a 
second part is evaporated or utilized by vegetation; and a third 
part sinks into the ground where it is available in considerable part 
for later withdrawal for water supply purposes. 

The amount of rainfall that enters the earth depends upon the 
topography of the country. More water enters the soil in an areg 
of low slopes than in one where rapid run-off occurs. The amount 
that enters the earth also depends upon the porosity of the surface 
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ott 
soils, a sandy soil absorbing much more water than an impervious 
one, and to some extent upon the character and amount of vegeta- 
tion, and upon other minor factors. 

In the gathering area for the Houston underground supply, the 
annual rainfall averages 45 inches per year and is rather equally 
distributed. The region is characterized by sandy soil and by forest 
growth, both factors favorable to the absorption of a large part of 
the rainfall, possibly as much as one-third. 

The geological section through the coastal plain shows a sue- 
cession of pervious and impervious layers which have a general 
inclination toward the south and east at a slope of approximately 
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35 feet per mile. All of the underground water strata supplying 
Houston outcrop in the area between Houston and fifty or sixty 
miles to the north and west. Where the pervious layers outcrop, 
water soaks into them and flows, under the action of gravity, toward 
the southeast. The intervening strata of clay and shale confine the 
water in the porous strata so that, originally, true so-called artesian 
conditions prevailed south of the outcrop. .Water would flow out at 
the surface from wells drilled into the sands. However, as time passed 
and increasingly large quantities of water were withdrawn from the 
various sand strata, the hydraulic gradient necessary to deliver 
water to the wells became steeper so that, at the present time in the 
Houston area, the static water level is as much as 120 feet below the 
surface in some localities. During pumping, the water level is still 
further depressed being as low as 220 feet below sea level in the 
heaviest pumped areas. 

At Houston, where conditions are similar to those found elsewhere 
in the coastal plain, water may be taken from sand strata found at 
depths varying from 200 feet to 2,000 feet below the ground surface. 
In a 2,000 foot well as much as 500 feet of water bearing sand is 
usually penetrated in several strata varying from one foot to 150 feet 
in thickness. In general, the temperature increases with the depth, 
and there are other quality variations. The sand strata vary widely 
in thickness, size of sand, cleanness, and water transporting capacity 
and apparently are not continuous. About 50 per cent of the sand 
grains are ordinarily between .25 and .125 mm. in diameter which 
is comparable to fine beach sand. 

The recession in water levels has not been confined to Houston 
as is indicated by the experience at the Galveston Alta Loma plant 
where with comparative isolation the static water level recession has 
averaged one foot per year. In the Houston area, the average decline 
over the past ten years has been approximately 7 feet per year. Run- 
ning water levels are still well above the sand strata from which the 


water is developed. 


SALT WATER ENCROACHMENT 


Aside from the increased cost of pumping, the ever present hazard 
resulting from the increased pumping with its lowering of water levels 
is that of salt water encroachment. As previously stated, within 
the city limits of Houston there are nearly 6 square miles of salt 
water area, The city lies but a few miles from Galveston bay and the 
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Gulf of Mexico toward which all of the underground water bearing 
strata dip. 

The geological theory is that all of the local water bearing sands 
and intervening clays were laid down in salt water under successively 
recurring conditions alternately favoring one or the other type of 
deposit. At that time, of course, the voids in the sand strata were 
filled with salt water. The uplift which raised the coastal plain to 
its present level, or possibly a series of uplifts, gave rise to the gradual 
flushing of the original salt water remaining in these deposits through 
displacement by fresh water in those sand layers now containing 
fresh water. It is thought that these strata must have an outlet 
under sea at some distance beyond the coast line through which the 
sea water has been pushed by the slight head produced by the eleya- 
tion of the outcrop inland where rainfall replenishes the water in the 
voids between the sand grains as drainage seaward takes place. At 
some point down the dip, a gradual transition takes place from fresh 
to salt water. There is a strip of land five to ten miles wide bordering 
the coast where no potable water can be had in a well of any depth. 
In this area it is probable that the water obtainable is residual sea 
water not yet escaped from the formations. It is, however, not so 
highly concentrated as sea water, indicating that some dilution has 
taken place. 

This salt occurrence along the coastal plain to some extent may be 
a reversal of flow dip-up due to the depression of the static water 
level by the heavy withdrawals inland. At Galveston, for illustra- 
tion, prior to 1896 the municipal supply was drawn from wells on 
Galveston island. This supply was abandoned on account of in- 
creasing salt content. The static water level at Alta Loma, (15 
miles inland) is now 38 feet and the pumping water level 100 feet 
below sea level. There has been a slight increase in the salt indicating 
some flow up-dip or landward from the sea direction resulting from 
these lower water levels. 

The hazard from salt water encroachment at Houston farther 
removed from the contact with salt water is, of course, less than at 
the Galveston Alta Loma well field. However, with the increased 
development, the U. 8. Geological Survey has thought it important 
to maintain observations in the Houston area over a period of years. 
To date, the results have been largely negative, probably due to 
insufficient lapse of time since the new conditions severely affecting 
static water level became operative. If the static water level in any 
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water bearing stratum is lowered substantially below sea level over 
a wide area, there must necessarily be some flow up-dip. Whether 
and how fast an increase in salt will appear depends on how near 
the wells are to the salt water in the sand strata and how fast the 
movement of water is. If the withdrawal of fresh water is small, it 
is probable that the fresh water supply from the outcrop area land- 
ward at higher elevation would continue to flow round the develop- 
ment and supply it from all directions, thus maintaining the elevation 
barrier against salt water encroachment. 

With very large developments, which must necessarily be widely 
spread out, the situation becomes more difficult. The most eco- 
nomical type of layout for a large development is through a con- 
tinuous line of wells located at right angles to the dip. At Houston, 
it is estimated that, if the city continues to grow, such a development 
with wells spaced at 1,000-foot intervals to minimize mutual inter- 
ference would extend 40 miles west of the City by 1980. Whether, 
with such a development and the abstraction of anything like the 
forecasted requirements of 316 m.g.d. at that time, the fresh water 
barrier to salt water encroachment will still exist is at least ques- 
tionable. It is certain that, by sufficiently increasing the pumpage, 
salt water encroachment would occur. 

Fortunately, encroachment of salt water on the Houston wells 
would probably be gradual and so give ample warning if the develop- 
ment were too intense. After such warning, permanent damage to 
the well supply could be averted by lessening the intensity of develop- 
ment and suitable data would undoubtedly be available at such time 
to furnish a guide to adequate measures for safeguarding the supply. 

At Houston, there seems to be no indication, other than the obvious 
fact that the static water level has recently been depressed to as 
much as 70 feet below sea level, that there is any great threat to the 
quality of the ground-water supply as presently developed. 

The above general discussion relative to salt water encroachment 
applies directly to that from ocean sources. There are in the 
Houston area a number of salt domes, the geological structure of | 
which would seem to seal them off, making them in effect islands 
of salt water protruding through the mass of fresh water. Their 
water is higher in temperature than fresh waters from the same 
level in adjacent areas. These salt domes are believed to offer only - 
a minor additional hazard to the fresh water supply. 
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laval WATER LEVEL DECLINE 


In recent years, the decline in static water levels in the Hema 
area has received considerable attention. Unfortunately, early data 
are meager except that originally wells flowed at the surface in Hous- 
ton. As consumption increased, the static water level was lowered 
and apparently had reached equilibrium for a draft averaging 
50 m.g.d. in the Houston area by 1930. This is indicated by the 
fact that, due to an approximate 10 per cent curtailment in water 
pumpage by the industries during the depression, the static water 
level staged a slight recovery. In 1937, however, one of the indus- 
tries in the eastern part of the city developed a new well supply and 
withdrew an average of over 20 m.g.d. from a comparatively limited 
area. With increased municipal and industrial use the total draft 
was 80 m.g.d. The decline in static water level was resumed. 
Contours of ground water levels immediately prior to the begin- 
ning of the heavy industrial pumping compared with ground water 
levels as they were a few months later illustrate the rapid change in 
water level conditions, The pumping level near this development 
has dropped to as much as 220 feet below sea level and the static 
level at the city’s central station, which is approximately eight 
miles distant, has dropped approximately 10 feet. Whereas early 
in 1936 the static water level was everywhere less than 20 feet below 
sea level, by November, 1937 the static level was more than 20 feet 
below sea level in over 50 per cent of the city’s area with a maximum 
of 70 feet near the point of heaviest pumpage. Whereas, in the 
general locality, early in 1936 there were only about 20 square miles 
near Baytown where the static level was as much as 30 ft. below 
sea level, by November, 1937 approximately 90 square miles had a 
static level below this elevation. 


VOL JOG) 
hones ol 
WELL CONSTRUCTION in 

Approximately 450 wells have been drilled within the Houston 
area. Their total pumpage of 80 m.g.d. is divided into 25 m.g.d. 
municipal, 14 m.g.d. from commercial wells in the city, and 41 m.g.d. 
industrial in the ship channel area. 

The City of Houston has a total of nineteen wells distributed at 
seven isolated pumping stations. The Houston water supply sys- 
tem is really a largely uncoordinated group of seven small town 
systems. These nineteen wells were tested during the past year. 
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They have a total delivery capacity, as at present equipped, of 
43 m.g.d., an average of 2.25 m.g.d. per well. In general, these wells 
are 12 inches in diameter, except for the upper 300 feet which is 
94 inches, and is used as a pump pit. The average depth of all wells 
is 1,500 feet, and they usually have from three to nine screens, fi 

Practically all of the Houston city wells are of the gravel wall — 
type. The entire casing below the pump pit including the strainer — 
section is supposed to be surrounded by a gravel wall about 8 inches | 
in thickness with pebbles of suitable size to retard entrance of sand — 
through the strainer under pumping. Just how effectively and uni- 
formly this gravel wall can practically be placed cannot, of course, s 
be ascertained. In some of the newer wells, provision is made ae 
adding gravel at the top of the gravel wall as settlement takes place _ ss 
from loss of sand into the well. This is effected by about a 100-foot _ oa 
overlapping of the 24-inch pump pit casing with the 13-inch casing of 
which the screens are a part. This avoids the necessity of sealing off 
at the bottom of the 24-inch casing and provides an annular pocket 
or hopper for replenishing the gravel at the top of the wall when 
that settles. 

All of the city wells have a relatively high pon rad capacity, the 
weighted average of the nineteen wells being 25.9 gallons per minute | ea 
per foot the water level is lowered. The specific capacity of the more A ™ 
recent wells is greater. Whether that is due to progressive clogging 
of the screens or to improved well construction, particularly the 
gravel wall, cannot be definitely ascertained. The facts are that the 
oldest well now in service which was drilled in 1917 has a specific — 
capacity of 15.6 gallons per minute per foot the water level is lowered, 
the nine wells drilled from 1925 to 1930 have a specific capacity of 23, " 
and the nine drilled subsequent to 1930 have a specific capacity of 30. 

The life of deep wells at Houston is relatively short. Study of the 
records of all wells drilled by the city since 1911 indicates that the 
average life at time of abandonment is about twelve years. The 
wells ordinarily fail either by excessive entrance of sand through the | ; 
strainers, by clogging of the strainers, or by destruction of the ps es 
casings of strainers by corrosion. Even with the gravel packed wells, — '. 
considerable sand enters the well, on an average probably about bog 
one-half cubic foot of sand per million gallons pumped. This sand 
is exceedingly fine. ds 

The city wells are at the present time all pumped by deep well __ 
turbine centrifugal pumps so set that the bowls are submerged when pi ; 
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running. It has been necessary to lower the bowls in several of the 
wells recently. The average efficiency of the pumping equipment 
as at present operating is low. The newest pumping unit has an 
overall efficiency of 70.5 per cent; the weighted average of 19 units 
is 56.4 per cent and the worst units but 25 per cent. This low effi- 
ciency probably results from excessive wear due to pumping sand. 
The average cost of drilling and equipping a well, including the 
pumping station, has been approximately $50,000. The average 
annual maintenance cost per well has been $412. Including interest 
and depreciation the well water costs nanny 43¢ per 1,000 


SANITARY QUALITY 


The municipal well water supply has been under rigid supervision 
as to sanitary quality for many years. Analyses show the necessity 
for chlorination even with the city wells, although their construction 
has been rigidly supervised, the gravel wall material sterilized, the 
wells pumped for a long time before use, and other precautions taken. 
All new city wells are so located that they are at least 150 feet from 
the nearest sanitary sewer. 

Conditions with respect to private wells, of which over four 
hundred have been drilled within the city limits, are not so satis- 
factory. Many of these wells are located in the congested section of 
the city. They are frequently drilled under sidewalks within a few 
feet of sanitary sewers. When it is recalled that the average life of a 
well in Houston is about twelve years and that one of the most fre- 
quent causes of abandonment is corrosion of the well casing, the 
potential hazard is apparent. There are over 170 abandoned wells 
within the city limits, a large percentage of which are stated to have 
been abandoned without having been properly sealed off so as to 
protect the underground water supply from possible contamination. 
Every unchlorinated private well is potentially hazardous as dis- 
closed by the City’s records of thousands of analyses on its own as 


well as private wells. CY, 


FUTURE WATER SUPPLY AT HOUSTON 


In a recent exhaustive investigation and report on an adequate 
water supply for the City of Houston, the development of a surface 
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First, that with the surface supply, the cost per million 
gallons delivered decreases with increased use, whereas 


,, oe with wells, the cost increases with growing demands, or 

ae at best, remains constant 

ee Second, the expenditures made for surface supply develop- 


ment will be permanently useful. With wells, there is a grow- 

; ing danger of salt encroachment and eventual abandonment, 

It is not recommended that the wells be abandoned. Instead, 
it is recommended that the existing well supply be utilized in cop- 
junction with the surface supply, particularly during peak periods 
so long as the wells remain operative. From now on, it is believed 
that the withdrawal of underground water in the Houston area will 
decrease rather than increase. While the well supply was the logical 
and economical one until the demands built up, a surface supply is 
cheaper for the large requirements of the present and future. 
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HIGH LIGHTS OF THE WATER SUPPLY SYSTEM 
ae OF NEW ORLEANS la 


By Autrrep F. THEARD 


The location of the great Metropolis of the South was fixed by 
nature as the point where a great natural system of inland water- 
ways, serving half of a continent, connected with the ocean trans- 
portation of the world. This position was selected by Bienville 
in 1718 on the banks of the Mississippi River some 110 miles from the 
Gulf of Mexico because he wanted the City protected from tropical 
storms. The spot was thought, at the time, to be a substantial 
foundation removed from alluvial lands. 

The larger portion of New Orleans lies on the east bank of the 
Mississippi River. It has an area of about 39,000 acres with a flat _ 
surface, the greater portion of which is either at or below mean gulf 
level. It is entirely surrounded by levees, the crest of which is 
seven to twenty-four feet above the natural surface. The other 
portion of New Orleans, formerly known as Algiers, lies on the west 
bank of the River and has an area of about 11,000 acres Its surface 
is slightly above mean Gulf level. 

The nature of the soil is one of the most extraordinary combina- 
tions of various formations found anywhere. Under a cover of 
river sand, deposited there by the floods of the river before the build- 
ing of protection levees, the territory next to the river is a series of 
strata varying from blue clay to quicksand. It has no fixed order of 
depth, class, or thickness. The balance of the territory on the east 
bank, which commences at a point from 5,000 to 6,000 feet from the 
river, was formerly a swamp with its surface practically level. It is 
made up of a large percentage of decayed vegetable matter, or a 
mixture of peat and muck. Peat is partially decomposed vegetable 
matter, while muck has a considerable percentage of silt, clay, and 
sand mixed with well decayed vegetable matter. 

Little do people realize the importance of the history of the water 


A paper presented at the New Orleans convention April 25, 1938 by Alfred 
F. Theard, General Superintendent and Chief Engineer, Sewerage & Water 
- Board, New Orleans, Louisiana. 
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supply of our City. We all know that in the founding of any com. 

_ munity center, the very first essential considered is accessibility to g 

water supply. As the community develops and progresses, the water 

. _ supply is studied, developed, and improved. This is the history of 

all cities. 

HISTORY OF NEW ORLEANS’ SYSTEMS 


New Orleans, founded in 1718, was very slow in attempting to 
_ provide its citizens with a water supply. It took nearly a century 
_ to start this improvement. It appears, from all the historical notes 
- which I have been able to gather, that, in the early part of 1800, 
- @ man named Louis Gleises made an attempt to establish a water 
‘G _ works system in New Orleans. The pipes were hollowed out of 
__ eypress logs and the supply of water was obtained from the Missis- 

Bus River by slave labor. A number of slaves raised the water into 

a large reservoir from which it was distributed through the wooden 
pipe to such citizens as had subscribed for the service. How this 
water was distributed is not quite established. It was probably by 
gravity flow, for the banks of the River were high. Very few people 
took this service. 
Previously, New Orleans secured its washing water from wells, 
five to fifteen feet deep, and its drinking water came from the River, 
hauled by carts at fifty cents per hogshead. Many depended on 
cisterns and wells. Picture the struggle for a water supply, during 
ninety years, and the terrible results from a sanitary standpoint. 
The City had no sewerage system, and how the citizens managed to 
live with these conditions is a mystery. The hotels, in what was 
at the time the fourth largest city in the United States, turned their 
sewage and waste into the open gutters. 

Just before the War of 1812, Governor W. C. C. Claiborne sent 
for a Mr. Latrobe to prepare plans and specifications for a real water 
works system for New Orleans. Benjamin Henry Latrobe (1767- 
1819) was an English civil engineer who had come to the United 
States in 1796 and landed at Norfolk. He moved to Philadelphia 
in 1798 and, after building the Bank of Philadelphia, he built the 
water works system operated with steam driven pumps. 

At the invitation of the Louisiana Governor, Latrobe came to 
New Orleans and secured from the Legislature an exclusive privilege 
to build and operate a water works system during twenty years from 
May 1, 1813. He sent his son Henry to supervise the work, but the 
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_ Water supply. Eighty per cent of the population still 


son died of yellow fever in 1813. The War delayed the work. 
Latrobe endeavored to get pumps built in Baltimore but, eventually, 
went to Pittsburgh to get the pumps built there. He became inter- 
ested with Fulton in building steamboats to ply the Ohio and Missis- 
sippi Rivers. But he fell out with Fulton, lost all his money, and 
returned to Baltimore where the pumps were finally built. He came 
back to New Orleans, and completed the water works system, but 
died of yellow fever two weeks before the system was put in service. 

In 1819, six years after this franchise had been granted to Latrobe, 
the New Orleans Water Works Company was organized with a 
capital of $120,000, and it assumed the responsibility of the Latrobe 
franchise. 

In 1850 the Board of Health reported that the inadequate supply 
of water was responsible, in a large measure, for the cholera. The 
river continued to be the source of drinking water, the purification 
of which was left to individual initiative. Treatment was accom- 
plished by the use of alum in large earthen jars, some of which are 
still to be seen in gardens of the City. Later, large wooden cisterns 
became very popular to collect rain water, but these also were con- 
demned as most were improperly roofed, and were sadly deficient 
during prolonged dry spells. The distributor of the water supply 
was at that time the Commercial Bank. No attempt was made to 
filter the water, or to clear it by any efficient treatment. 

The City acquired the existing water works from the Commercial 
Bank in 1869 and created a commission to administer the water 
works. In April, 1878, the New Orleans Water Company was 
organized and acquired the Water Works upon an assumption of 
$2,000,000 of the public debt. Some extensions were made, and 
cerent and cast-iron pipe were put in place of the wooden pipe. 
The charges for water were high; viz.: ste 


af 


50.0 cents per 1,000 gallons 
te 


In 1892 futile attempts were made to purify the water by filtra- 
tion, but the filter company failed and there resulted, instead of 
improvement, only endless litigation. 

In 1896 the Board of Health again made a violent attack on the 
city authorities for the bad and very dangerous conditions of the 
secured their — 
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water from wells and cisterns. Very strenuous rules and ordinances 
were adopted by the City governing the operation of dairies and 
sale of milk. 

Every one became impressed with the necessity for a modern water 
supply, realizing that nearly two centuries had gone by since the 
foundation of the City. 

In 1899 an act creating the Sewerage and Water Board was passed 
by the Legislature for the purpose of building sanitary sewerage 
and water supply systems for New Orleans. A small fund was 
appropriated for the study of water purification. One of the present 
directors of the American Water Works Association, R. 8. Weston, 
was appointed as resident expert to investigate the water purification 
for the proposed water works system. Following Mr. Weston’s 
report, a final report was to be submitted by the late Rudolf Hering 
and George W. Fuller, advisory engineers of the Sewerage and Water 
Board reviewing the water purification problem. 

It was conclusively proven that the cost of a complete water 
works system for New Orleans would be about doubled if any source 
other than the Mississippi River was chosen. 


CHARACTERISTICS OF THE MISSISSIPPI RIVER 

A complete study was then made of the River as a source of supply. 
The great watershed of the River has an area of about 1,240,000 
square miles. Naturally such a large water shed exhibits great 
variations in the amounts of rainfall, geological formations, and 
climate. There are, therefore, great differences in the character of 
the many tributaries of the great river which drains it. 

While it is not within the province of this talk to describe the water 
shed in detail, there are certain features which must be mentioned 
because they affect the character of our river water at New Orleans. 
The water shed includes eleven states and territories, and parts of 
twenty others, also a part of Canada. The diversity in the character 
of the River is easily understood when it is recalled that within the 
Mississippi Basin are: the slopes of the Alleghanies and the Rockies; 
the lakes of New York, Minnesota, and the far west; the limestone 
country of Kentucky and Tennessee; the black bottoms of the Da- 
kotas; the fertile plains of the central west and Colorado; and the 
swamp lands of the Central Valley itself. 
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The drainage basin of the river embraces six great natural divisions 


as follows: 
Square miles 
The Ohio Basin... ...). }. 1201,700 
The Upper Mississippi Basin. ..... 165,900 
Tey ae 186,300 
The Red River Basin...................... 90,000 


The Mississippi River is a clay-bearing stream whose water at 
New Orleans possesses many characteristic features. It has a wide 
variation in the amount of suspended matter. There are frequent, 
but not sudden, changes in the character of the water due to the 
predominance of one or another of the tributaries. There is little 
evidence of fresh sewage contamination because of the great dilution 
of the sewage entering the stream, the remoteness of the sources of 
pollution, and the almost complete purification effected in the 
river itself. This purification is effected by natural agencies during 
the stream’s passage through the delta, the surface of which drains 
away from, instead of into, the river. } 

The water from the river is slightly hard and carries an average 
of 600 parts per million of suspended matter, consisting mostly of the 
finest clay particles. No practicable amount of plain subsidence 
can remove these particles, and no form of filter available for the 
handling of large amounts of water, will eliminate them. 

A careful study of methods for purification of the Mississippi. 
River water was made under the direction of the engineers whom I 
have just mentioned. With the help and advice of my predecessor, 
George G. Earl, the Chief Engineer and Superintendent of the Sew- 
erage and Water Board, a process to soften and to obtain pure water 
was derived. a 

The river water is softened by the use of lime, with a very small 
amount of sulphate of iron producing a coagulation whereby the fine 
clay particles are brought together into larger masses which settle +a _ 
out in a few hours, or which are large enough to be completely re- _ Ps 
moved by the filters. By this process, which was put into operation 
in 1909, New Orleans has had a continuous abundant supply of ae 
clear, pure water of the highest and most desirable quality. This Peace 
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water compares favorably with the best in the United States and, bw 

at all times, greatly exceeds the standards of the U. S. Public Health Wi 

Service. mil 

The river water has an average turbidity of about 600 ppm. ] 

the minimum has been as low as 2} p.p.m.; and the maximum above P 

2,000 p.p.m. We reduce this by treatment and filtration to about “ 

0.5 p.p.m., and the treatment also reduces the hardening constituents anc 

of the water about 40 per cent. Our water is only moderately hard, thi 
DESCRIPTION OF THE PLANT AND SYSTEM filt 

This water has to be delivered through the City distribution system z 

by direct pump pressure and continuous pumping, because there are of 

no possible elevated reservoir sites. de 

The grounds of the Main Water Works Plant, at which the water of : 

supply is purified, occupy an area of 74 acres. The Plant is connected Die 

; to the Mississippi River by two large water intake pipes which are mil 
me, 48 inches in diameter. Through these pipes the raw river water is ! 
: pumped to the reservoir system of the Purification Plant. This at 
pumping is performed by three steam engine driven low-lift pumps sol 

having a total capacity of 120 million gallons per day. Also available I 

for performing this same pumping are three electrically driven pumps pla 

(the combined capacity of any two of which is equal to 150 million 20 

gallons per day) installed in the Low Lift River Pumping Station, (ea 

an adjunct to the Water Works Plant located near the river end of pul 

the intake. ma 

When raw or untreated water reaches the reservoirs, it is settled, pla 

treated, filtered and chlorinated. It is then pumped directly into 48 
i the water distribution system. ran 
= For its purification process, the Plant is provided with 18 reservoirs the 
. and 28 filters. The reservoirs occupy an area equal to 36 acres, ; 
and have a total capacity of 133,100,000 gallons. The numbers of sev 

the several kinds of reservoirs and their capacities are as follows: ger 

Gallons of 

, 4 Grit Reservoirs—Combined Capacity.................. 26,300,000 lin 
4 Lime Mixing Reservoirs—Combined Capacity......... 14,900,000 r 
Coagulating Reservoirs—Combined Capacity.......... 76,900,000 
Clear Water Reservoirs—Combined Capacity.......... 15,000,000 

oil 
The clay slurry resulting from the treating of the water is a of 
— a 20-inch pipe back into the Mississippi River. 


1108 
WER 
nae 
a 
; 


you. 30, NO. 7] NEW ORLEANS WATER SUPPLY Ms 
twenty-eight filters have a total filtering area of 40,068 square feet. _ 

When operated at rated capacity, they are capable of filtering 112 wh 
million gallons of treated water per day. oa 

Before leaving the plant, the water is chlorinated in order to safe- 
guard against the possible presence of any harmful bacteria. Chlo- __ 
rine, in liquified form, is received in carload lots in one-ton containers re : 
and stored in the chlorine house, a brick building used exclusively for __ 
this purpose. The chlorine is carried from the chlorine house to the 
filter house through underground pipe lines. It then passes to — 
automatic feeders which regulate the amount added to the water. 

A separate purification and pumping station serves that portion 
of the city on the west bank of the river. This plant operates under 
electrical power furnished by the main water works plant by means 
of a submarine cable under the river. This plant also has reserve — 
Diesel power. The Algiers Purification Plant has a capacity of four — 
million gallons per day. ; 

Approximately 21,000 million gallons of water per year are treated - 
at the two purification plants, and approximately 71,000 tons of 
solid matter are removed therefrom. P 

For pumping the purified water into the distribution system, the =| 
plant is equipped with four steam driven pumping engines (capacity —__ 
20 million gallons per day each) and two electrically driven pumps _ 
(capacity 40 million gallons per day each), making a total available — 
pumping capacity of 160 million gallons per day. These pumps ~ 
maintain a constant pressure of 70 pounds per square inch at the | 
plant. There are 804 miles of mains ranging in size from 4-inch to ‘ 
48-inch diameter. The water is consumed through 86,283 services, — 
ranging in size from 3-inch to 16-inch diameter. Practically all of 
these services are metered. 

All electrical energy for the operation of the water plant, the 
sewerage pumping stations, and the drainage pumping stations, is 
generated at the water plant and distributed to its various points 
of consumption over the Sewerage and Water Board’s own power 
lines. 

The power plant consists of a power house containing three turbo- — 
generators with a total capacity of 27,000 kilowatts, and a boiler © 
room housing seven boilers with a total capacity of 15,400 boiler 
horse-power. All seven boilers are equipped for the use of both 
oil and gas as fuel. The three largest boilers, having a total capacity __ 
of 12,000 boiler horse-power, are also equipped to use powdered coal 


as fuel. A complete plant for powdering the. coal is installed. 
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ALFRED F. THEARD [J. A. 
__ Two fuel oil storage tanks with a total capacity of 110,000 barrels 
oil, and a coal storage bin capable of holding 1,000 tons of 
i serve as containers for reserve fuel supplies. 
The repairing, rebuilding, and testing of all meters used in the 
water distribution system is done at the water plant in the mete 
_- repair house. This department repairs approximately 9,000 meters 
_ a year, and also manufactures in its machine shop all meters of the 
i larger type, 4-inch, 6-inch, ete., used in the system. 
a [have tried, as briefly as anette to give a description of our water 
distribution system. It. seems very simple, and has proven its 
yr "remarkable results for giving New Orleans a fine and pure water, 


eid 
PROBLEMS PECULIAR TO NEW ORLEANS 
__- During the late years, the U. 8. Authorities have given much 
consideration and study to flood control, and have established 
measures for diverting water from the Mississippi River and its 
tributaries: This is a great work, but this diversion from the river 
ly has lowered the level of the water here. During the dry season 
_ it is nearly as low as the level of the Gulf. Flood protection is a 
3 necessary thing, but water diversion is creating a problem for our city. 
During the drouth or low water season, generally in the late 
ese the minimum turbidity of 23 p.p.m. occurs, coinciding with 
the low discharge of the Mississippi River. This permits the salt 
re of the Gulf to back up in the lower depths of the river, and this 
_ mixing with the fresh water coming down-stream results in a salt 
content which is very disagreeable and objectionable. This occurred 
for the first time in 1936. We hope it will never occur again. 
| <_ The chlorides, which the U. 8. Public Health Standards say should 


not exceed 250 p.p.m., reached a peak of 381 p.p.m. Following this 

salt trouble, and probably as a result of it, there appeared in the 

; _ water a very disagreeable woody taste. This was at once attacked 

F _ by using activated carbon. This was the first time in the history of 

the plant operation that carbon treatment was necessary. As soon 

as the flow down the river increased, the turbidity increased, and 
both salt and taste disappeared. 

Figuring on a possible recurrence of the trouble, the city might 
build reservoirs of sufficient capacity to supply fresh water during 
these periods of fifteen to forty days, but, when we must figure on 4 
consumption of 55,000,000 gallons per day, it means an enormous 
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(for New Orleans) cold w when many allow their 
grvices to run to prevent freezing. On one occasion (January 23, 
1935) due to these leaks and due to additional ones produced by 
broken water piping thawing out, the next morning after the freeze _ 
the demand on the plant was almost its limit for several hours. The 
result was a 24 hour record of 93,000,000 gallons, == ao 

Discussion by Georce G. Earu.* There is no doubt but that = 
“the water supply of a City is the most important of its public works © 
for the protection of the health and life of its citizens,” and I would 
like to include in this statement not only is the procurement of a 
proper water supply important, but also the disposal of it after it has 
grved its uses. This, of course, means an adequate sewerage and — 
drainage system, either separate or combined. There must be : V 
points of outlet where adequate dilution prevents the creation of 
unsafe conditions, or where there is enough purification of the sewage — 
to make its discharge at available outlets safe. 


SEPARATE SEWAGE AND DRAINAGE SYSTEMS 


Fortunately, New Orleans started with separate drainage and | 
sewerage systems. It was obviously out of the question to discharge ae 
the enormous volume of storm water drainage into the Mississippi __ 
River. It was just as impossible to discharge sewage into the tide — 
level outfall canals which must be the outlets for the storm water 
drainage system. Even with a separate drainage system, the dry _ 
weather flow due to street washings, yard drains, etc.,and tothe very | 
small storm flow in the drainage system, has been found unfit for 
discharge to the tide level outlets. So these also are intercepted, 
and, up to a rate of three or four times the normal rate of flow in the 
separate sewers, these objectionable flows are discharged with the | 
separate sewage into the Mississippi River. This discharge is made © 
far below the low water level where there is infinite dilution in a — 
current and character of water best suited to dispose of such matter _ 
by natural and inoffensive processes. 

As a result of this separation of sewage and drainage and this 
interception of very small flow drainage, the tide level outfall canals 
and Lake Pontchartrain, into which they discharge, show no sign of zs 


" Consulting Engineer, New Orleans, La. 
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1112 ALFRED F. THEARD A. W. We 
pollution. The New Orleans lake front is entirely fit for bathing 
boating and fishing. 


In 1892 the New Orleans Water Works Company had a system 
A of pressure filters under construction. Guarantees as to thei 
operation proved to be utterly impossible of fulfillment. The regu; 
- was an enormous loss to the Company and the Water Works Com. 
pany was convinced that, under the conditions then existing, the 
provision of a clear water supply for New Orleans was not practicable. 
One of those conditions was the discharge of large quantities of 
water from fire hydrants to dilute or flush open street gutter, 
Another bad condition was the use (as far as possible) of fire well 
instead of direct connections to fire hydrants for fire engine supplies, 
A 6-, 8-, or 12-inch connection to a fire well, when opened wide, gaye 
plenty of water at the fire well, not only for fire engine supply but 
ze: also to flood streets or gutters. Incidentally, this took all the pres. 
sure from the system in the locality, and left no adequate pressure 
available at other hydrants or for water consumers in the locality, 
It seemed to be impossible at that time to get any reasonable, eo- 
operative basis upon which a water works system could be operated 
by a private company. 
With 125 miles of mains, 1,700 fire hydrants and only 5,000 consu- 
- mer taps, the Company pumped an average of over 11 million gallons 
a day in 1898, or 2,200 gallons per consumer tap. This 125 miles of 
pipe with its raw river water supply plus rain water from roofs 
- caught in wooden cisterns remained the only source of water supply 
- for New Orleans until February, 1909, when the water purification 
and pumping plant started operation delivering water through a new 


500 distribution system. 


The Sewerage and Water Board was compelled by law to furnish 
water connections free to the property line. It would have added 
a lot to the cost of such connections if they had had to be metered. 
_ It was hoped that people would be reasonable in their use of water, 
and unmetered connections were undertaken. By July 1, 1909, 
11,000 unmetered taps were in operation. The water consumption 
: : indicated about 19.5 m.g.d. or 1,770 gallons per tap. It was cheaper 
a to meter than to increase the capacity for purification, pum ing, 
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distribution, and sewage collection and disposal which this rate of a 7 
consumption indicated. Existing taps were metered as rapidly as 
ible, and no more unmetered connections were made. FS 
By the end of 1910 all taps were metered. There were 23,000 taps 4 
in use With a 15 m.g.d. consumption. It was not until 1913 that the 
consumption exceeded 19 m.g.d. For 1913 the average consumption aes 
was 19.2 m.g.d. and the average number of taps was 38,000 which | 
gives 505 gallons per day per tap. These 38,000 taps served about or 
50,000 premises on 540 miles of mains, for one meter is permitted to $ ass 
serve several houses a single owner for the 


Bec, 
water bill. 
WORKING OUT METER RATES 


The adoption of meters demanded the working out of meter rates. ‘ae 
The general idea of the rate plan was that the cost of any public 2 “5 
service should be divided into items of service rendered, and that no . | tat 
such item should be charged for at more or less than the average cost = 
of all of said items plus a reasonable margin. é = 

This led to a service charge based on the size of the meter and Ba. 
connection to the property line. Flat price per 1,000 gallons of water 
recorded by the meter was charged because the Sewerage and Water _ 
Board law required that water be furnished free for sewerage uses. _ 
Of course, paying consumers had to pay for this free water. The 
rate for pay water was 10 cents per 1,000 gallons up to 100,000 gallons > 
permonth, and 7 cents per 1,000 gallons for water in excess of 100,000 : 
gallons per month. This amounted to about 7 cents per 1,000 gallons © 
for all water used by the average consumer. Under the original — | 
Sewerage and Water Board law, water rates could not exceed the 
cost of maintenance and operation of the water works system. 
Rates, reduced in 1913 to comply with that law, are still in effect. 
Under a later constitutional amendment, rates may be applied tothe __ 
operation, maintenance, or improvement of either the water, sew- i 
erage, or drainage systems, and with the consent of the legislature __ 
these rates may be increased. : 

Water and a system of sewerage for its removal do have some 
logical connection. Meter rates based on the cost of both systems 
could be worked out fairly. These rates would have the advantage 
of holding the price for water to a point where more interest in waste — 
prevention would be aroused, especially, if meters in service actually — 
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AUTOMATIC CHEMICAL FEEDS bite 


The New Orleans water purification plants were among the firy 
in which chemical solution feeds were automatically regulated pro. 
portionally to the varying rate of water to be treated. Also the 
filter output was regulated by the level of the water in the clear wel 
under the filters. The apparatus to accomplish these ends was put 
into operation in 1909 and is stillin use. Later these same ends were 
accomplished in extensions by small proportional flows of wate 
_ which can create an absolutely non-over-reaching regulation of main 
_ flows either for filter output regulation, or for solution feeds. 

PROBLEM OF LOW WATER 
Mr. Theard has referred to the objectionably high salt content 
at the water works intake due to salt water intrusion from the Gulf 
during the extreme low-water season of 1936. 

This danger can be avoided only by the maintenance of a sufficient 
minimum rate of flow past New Orleans. All of the low water flow 
_ which proposed reservoirs on all of the Mississippi River tributaries, 
_ in so far as these reservoirs can be used for increased low water dis- 
charge rates will not be too much low water flow at New Orleans. 
Heretofore 10,000 cubic feet per second from Chicago have been 
available to increase low water depths and discharge rates in the 
Mississippi River from just above the mouth of the Missouri. This 
amount has been available to help carry the “liquid gumbo” to New 
: Orleans and help prevent too much salt at the New Orleans Water 
Works intake. 

This quantity of diversion is the least for which this great drainage 
and navigation canal was designed. Now it is proposed that after 
1938 this flow be reduced to an average of 1,500 cubic feet per second 
plus ‘domestic pumpage”’ (say also around 1,500 cubic feet per 
second of more or less purified sewage. This reduces the total 
average diversion from Lake Michigan by 7,000 cubic feet per second, 

and it will add one-third of a foot to average lake levels. 

The existing statutes as to variations in levels and discharge rates 
‘from the Great Lakes are the result of natural discharge conditions 
as modified by the two Governments which have a sixty-forty owner- 
ship of the water shed. For some reason these Nations have not 
chosen to make use of any part of the 389 million acre feet of storage 
volume between lake levels of record. 


= a Why is the government so interested in the particular one-third 
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foot of lake levels regainable by reducing the dry weather increment 
from the Chicago center to the Mississippi water way system to the 
“domestic pumpage’’ and the wet weather increment to 1,500 cubic 
feet per second which is mostly storm run-off? Why is there no 
interest in ten times that increase in lake levels and seven times 
that increase in minimum monthly average discharge rates which 
can be safely, easily, and cheaply obtained by such regulation of the 
fow from Lake to Lake and at the outlets, as will use the 145 million 
acre feet of storage volume between maximum and minimum leyels? 

Proper regulation, with the full 10,000 cubic feet per second diver- 
sion at Chicago, can probably increase the Lake Ontario minimum 
rate output to more than 200,000 cubic feet per second. I want to 
add that “conservation of our water resources for the greatest good 
of all of our people’’ etc., cannot mean anything at all if we fail to 
fill and use a ready made useful storage volume, ten times as great 
as that created by Boulder Dam, or if we refuse, for the benefit of our 
second greatest center of population and industry, and for the well- 
being of the Illinois Valley and the whole Mississippi water way 
system, the necessary one-twenty-second of the minimum average 
annual output which regulation can produce. 
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By Epuarpo Mo.uina 


In the central part of Mexico and 7,000 feet above sea level, there 
_ is a basin completely surrounded by volcanic mountains and with 
no natural drainage outlet. This closed basin has an area of about 
- 3,000 square miles and has been misnamed Valley of Mexico. | 
always had a lake from which water could escape only by evaporation 
* and whose bottom was raised continuously, during omar. with 


e the vicinity and by the erosion of the surrounding mountains. The 
_ deposition of these materials, whose particles were mostly of a very 
small size, produced a sedimentary fill so porous that it has g 
water content of more than 70 per cent, and that now constitutes one 
of the most undesirable formations as regards foundation conditions, 
At the present time, the Valley of Mexico has two artificial outlets, 
one through a tunnel and the other one through a deep cut. The 
lake has been almost completely drained. 
In 1325 there was founded in the southwestern part of the Valley 
- @ community which has grown to be the City of Mexico with a 
_ population of more than one million inhabitants. Its first public 
_ water supply system was built by the Aztecs in the beginning of the 
- year 1465, and it consisted of a twin earthen aqueduct that was 
_ and very compact and was built in such a way that one side 
could be used while the other was being cleaned. The water supplied 
_ through this aqueduct was obtained from the Chapultepec Springs 
ae continued to be one of the sources of supply for nearly 500 years 
until their recent depletion. These springs are now well within the 
_ city limits and are one of the numerous places of historical interest. 
When the Spanish conquerors captured the City in the year 1521, 
‘they immediately reconstructed the aqueduct that had been de- 
stroyed. Later they constructed one of masonry that was finished 
in 1620. The City began to grow and they had to seek new sources 


A paper presented at the Annual Convention of the American Water 
Works Association in New Orleans, April 28, 1938, by Eduardo Molina, Di- 
rector, de Aguas y Saneamiento, Mexico, D. F. 
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30, NO. 7] MEXICO CITY WATER SYSTEM 
of supply. They found, in the mountains that lie on the western 
side of the Valley, some springs that still yield water of unusual 
purity. To distribute this water another aqueduct was constructed. — 
It was finished in 1779, and remains of it can still be seen. The — 
game sources of supply were used till the beginning of the present = 
century. The only changes that the system underwent were the 
substitution of part of the aqueducts by cast-iron mains and the — 2 
installation of a pumping station at the Chapultepec Springs. i i= 

In 1903 the construction of a new water supply system was begun. 5) 4 

It used a new source of supply which was a group of springs located _ a 
at the foot of the mountains that limit the Valley on the south and | 2 
which yields 70 million gallons a day of unusually pure water. This | “s 
system, still in use, superseded completely the old one whose yincna ag 
was then distributed in some of the suburbs. a 

The water from the southern springs that are known by the name “2 ~ x 
of Xochimilco, is originated by rain water that has percolated through 
thick layers of very fine volcanic sand that, in some places, havea = 
thickness of more than 600 feet. The water, thus naturally purified, _ 
usually has a bacterial count of less than 10 per ce.; the pipes that ie. 
have distributed it for more than twenty-five years are practically _ 
exempt from tuberculation and have a Williams-Hazen coefficient of 
130; applying to it a chlorine dosage of 0.1 parts per million, it still — 
shows a residual of 0.08 parts per million after a contact period of 12 _ if 
hours; its temperature is 57°F. with variations through the year of _ 
one degree at most; it is so clear that a small coin thrown into the | 
storage reservoirs can be clearly seen at a 25-foot depth; in fact, & 
among the natural waters that I have known, it is the one that most . 
closely approaches the purity of distilled water. 

The water from the Xochimilco springs is pumped at seven low- 
lift stations into a concrete gravity aqueduct, 20 miles long, that ae. 
conducts it to the high-lift station. Here it is pumped into a valve 
chamber or header system from which three distribution mains 
branch out. Two more mains connect the header system with the - 
equalizing reservoirs which are four in number, circular in plan, made 
of concrete and covered, and are “‘floating’’ on the distribution — 
system. 

The present water supply system is twenty-five years old and was — 
conigned for a enn of 350,000 inhabitants. At that time — 
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Mh nobody could have predicted that the rate of growth of the city would 
take a sudden leap and that the population would be trebled jy 
. twenty-five years. The water consumption averages 100 gallons per 
capita daily at present, and the supply has been insufficient {fo 
es several years. Several deep wells have been drilled within the city 
in an effort to remedy this situation, but in the continuous rage 
: a een the supply and the demand, demand has always been the 
_ winner. We have had to resort to giving an intermittent service byt 
have kept the mains under a small pressure during the night hours to 
prevent ground water from gaining access to the mains through 
leaks. This practice leads naturally into many complications among 
which the fire hazard would be the worst, if it were not for the fire. 
proof nature of most buildings in the city. 


: TWO PHASES TO SOLUTION 


To cope with this vexing situation, an integral solution to the 
problem has been adopted. This has two phases: the first is to 
repair and enlarge the old system; the second is to utilize new sources 
of supply which, together with the present ones, will be able to supply 
a population of more than three million inhabitants. 

The unusual softness and instability of the soil of the city, added 
to the action of the earthquakes, have seriously damaged the first 
six miles of the concrete aqueduct that are near the high-lift pumping 
station. Through its numerous cracks about 30 per cent of the flow 
is lost. To avoid this, it has been decided to abandon the high-lift 
station and to construct a new one six miles away from it. The 
damaged stretch of the aqueduct will be substituted by a double 
48-inch, cast-iron pipe line that will be used to connect the new pump- 
ing station with the valve chamber of the old one. 


NEW PUMPING STATION 
_ The new station will prevent the loss of water and will make 
possible the utilization of new sources of supply located in the south- 
ern part of the Valley. It has been designed to house five 23,800- 
gallon per minute centrifugal pumps and five 11,900-gallon per 
minute ones, but at first only three of each size will be installed. 
Besides the two discharge lines mentioned before, three more will be 
installed later. The first two already have been constructed with 
plain end, 48-inch, cast-iron pipe in 14- and 17-foot lengths with 
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The performance of these couplings deserves a They 
are a French type called Gibault and are similar to the ones used in | 
the United States but much narrower. ‘ The central ring is only 4in. _ 
wide and has no pipe stop, and the rubber gaskets are very elastic. — 
The specifications call for an ability to stretch to five times the — 
original length. Mexico City is frequently shaken by severe earth- 
quakes. Although they do not cause great loss of life or property, _ 
they jar the underground structures so much that in two small 
sections of the city, where bell and spigot pipe was used, we had - 7 
repair twenty to thirty main leaks after every earthquake. In 
1933 these pipes were unearthed, their ends cut and lathed, and ~ ag 
reinstalled with these couplings. Since then, we have not hada __ 
single main leak in that section despite several earthquakes, the 
severest of which was one last December which was one degree __ 
stronger (according to the Mercalli Scale) than the one that destroyed = 
San Francisco. 

The new pumping station is 235 feet by 135 feet in plan; it is © 
divided in two parts by a central line of columns. One side will be _ 
occupied by the pumps and electric motors and the other side by an 


elaborate header system. ee. 


Experience pre ad with the old pumping station has shown 
that practically all shut-downs were due to breaks in the header 
arrangement. There was one instance of a shut-down due to flooding = 
of the station. Two necessary precautions have been adopted: 
The pumping station floor has been constructed above the levelofthe 
surrounding ground, and the header arrangement has been designed —T 
to facilitate repairs as far as possible. This arrangement is sche-— 
matically shown in fig. 1. It consists of a loop in which the ten 
pumps and the five discharge mains are connected in such a way that = 
only two units will be out of service in case of any repair. This — ae 
calls for seventeen 48-inch, electrically operated, gate valves. At 
several points couplings will be installed which will facilitate the 
disassembly of the system. If a valve should need repairing, it can 
easily be done by closing the adjoining valves, loosening two cou- 
plings, and lifting the damaged valve with the adjoining castings. — 
This would create two thrusts of about 200 tons each on the closed = 
valves. To neutralize these thrusts, the header system will be sur- _ i 7 
wouneied inside and outside by two parallel steel girders against which — 


= 
A fe 
Id 
er 
Ly 
le 
g 
: 
; 
- & 
) 
<a 
ae 
fai 
| 
| 
: 


1120 EDUARDO MOLINA 


the system will be anchored by steel beams that bear on  speeia] 
castings and on the girders. In this way the thrusts will balance 
each other. A traveling crane will further facilitate repairing the 
header system. The reason for connecting five of the pumps to one 
side of the loop and the other five to the opposite side, is to make it 
shorter in length. The operating desk will be located on a high plat- 
form between the pumps and the header structure. 

An interruption of the water service in the City will compel the 
new pumping station to pump directly to the equalizing reservoirs 
from a distance of eight miles. The rise in pressure due to the water 
hammer originated by a sudden tripping of the pumps would then be 
270 per cent in excess of the normal pressure. This required g 
careful consideration of the necessary precautions to reduce the surge. 
WORK OF MANUEL MARROQUIN Y RIVERA 

When the construction of the present water supply system was 
finished in 1912, the late Manuel Marroquin y Rivera, the great 
Mexican engineer who designed the system, studied the water- 
hammer problems of the pumping station. He first experimented 
with the check valve and concluded that the slow-closing type is 
a far better unit than the one that slams. He also experimented 
with the by-pass of the check valve, keeping it open while the pump 
was running and closing it slowly after the pump was tripped off. 
This reduced the surge but caused the pump to reverse. He studied 
different types of relief valves and concluded that any mechanism 
which is actuated by a rise in pressure is practically useless. This is 
because it takes an appreciable time to open, during which time the 
pressure rises so rapidly that before the relief valve is fully open the 
pipe line has suffered the shock. He concluded that the relief valve 
should be open before the pressure starts rising, and that the surest 
way of having it open at the right time would be to keep it open 
continuously. But he considered the idea absolutely impractical 
on account of the great loss of energy. Finally he constructed a home- 
made, fast-recording gage with a steam indicator, an electric motor, 
and several pulleys. With this gage he charted the variations of 
pressure during the water hammer and observed that, before the 
pressure started rising, there was a down-surge of an appreciable 
duration. He left his observations at this point; one step more and 
he would have designed a mechanism similar to the ones used now, 
that utilize the down-surge to actuate the opening mechanism, 80 

fully open. 
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MEXICO CITY’S NEW PUMPING STATION 
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_ We have continued the experiments where Mr. Marroquin y 
Rivera stopped, and have tried in two small pumping stations g 
mechanism similar to the one just described. We have also tried 
another mechanism that is electrically connected to the pump motor 
in such a way that, when the power is cut off, its interruption will 
actuate the opening mechanism of the relief valve. This will have 
about eighteen seconds (the duration of the down-surge) to open. We 
shall use either of the two mechanisms (in duplicate) in each of the 
discharge mains. In the event that these mechanisms fail, we shall 
still have the slow-closing check valves (cone type), with which the 
pumps will be equipped, to reduce the surge, even if we have to let 
the pump reverse for a few minutes. 

As an additional precaution, each discharge main will be provided 
at both ends with automatic valves that will close if there is a reduc- 
tion of pressure caused by the bursting of the main. In the future 
three more mains will be installed and this will make the installation 
safer, because it will reduce considerably the intensity of the water 
hammer. 

The new pumping station, construction of which is well advanced, 
will enable us to recuperate the flow which is now being lost through 
the leaks of the old aqueduct, and will also allow us to pump water 
that will be obtained from several deep wells that are being drilled 
in the vicinity of the new station. This will solve the problem for 
the present population of the city. 


PLANS FOR MEETING FUTURE DEMAND 


_ The future demands will be met by bringing water from springs 
that are located outside of the mountainous girdle that surrounds 
the Valley. This water is of the same excellent quality as the water 
now used. It originates in the rain water that filters in the side of 
the mountains opposite the side where the water we are now using 
originates. Those exterior springs now discharge into an enormous 
swampy area whose effluent gives rise to one of the largest rivers of 
the Republic. The difficulty which the City has to face in order 
to utilize this new source of supply, is that the water is being used 
for irrigation purposes; but our engineers have found that the amount 
of water that evaporates in that swampy region is very large on 
account of the extensiveness of the region and the high altitude 
(more than 8,000 feet above sea level). Our engineers have con- 
cluded that, if the swamp is drained, the amount of water saved will 
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be about 140 million gallons a day which can be utilized i in the city 
without affecting the irrigation uses. 

The exterior springs are located about 1,200 feet above the City’s 
elevation but are separated from it by the western mountains. Two 
solutions have been proposed to conduct the water to the other side 
of these mountains. One is to drive a nine-mile tunnel through them; 
the other is to pump the water over the mountains. The pumping 


head would be 5,000 feet, but the necessary energy would be gen- 


erated by the same water on the other side which, as I have said, is 
1,200 feet lower than the springs. The first solution is more eco- 
nomical and is the one that will be accepted. 

A preliminary design of the whole project has been finished, and 
we are now studying its financial aspects. The utilization of this 
new source of supply will cans our worries for v or years 
to come. 
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THE WATER SUPPLY SYSTEM OF VERA CRUZ* — 


By Dominco GUEVARA ALARCON 


Vera Cruz, the largest and most important seaport of the Republic © 
of Mexico, with a population of 70,000, had up to March, 1938 a 
water works service adequate for only 30,000 people. This system 
was built thirty-two years ago by the Pearson Constructing Com- 
pany of England. It consisted of a low service pump system, a 
settling tank, four slow filters of the gravity type, and a high service © 
pump system to conduct the water by an aqueduct 15 inches in 
diameter and 14 kilometers long to a storage tank near the city from 
whence it was distributed. This water supply system delivered 
about one million eight hundred thousand gallons in 24 hours. With 
70,000 inhabitants, the actual population of the city, it, therefore, 
supplied 25 gallons per capita, which was a minimum quantity for a 
port having such a tropical climate. Therefore, it was necessary to 
force the filters to work under such undesirable conditions that the 
potability of the water left much to be desired. Further, the in- 
habitants were not satisfied because water was supplied for only five 
hours during the day of 24 hours. 

During the rainy season, in view of the heavy turbidity of the 
water and the lack of means of removing it, it was necessary to 
supply the water as it was—with a light brown color. This state of 
things placed Vera Cruz in such condition from the point of view of 
sanitation that it was about to be declared an unsanitary port. 

Today we have a filter plant with a capacity of 6,000,000 gallons 
per 24 hours, which can be increased 20 per cent with the same equip- 
ment. This plant is installed in El Tejar, 14 kilometers from the 
city of Vera Cruz. The new supply system also includes an electric 
power generating and pumping plant. 

The electric power plant is composed of four Diesel motors with a 
capacity of 1,725 H.P., manufactured by the Fairbanks-Morse Co.; 
three phase alternating current generators (60 cycles, 440 volts) 


© ented at the New Orleans convention April 18, 1938 by Domingo 
Guevara Alarcon, Chief Engineer, Junta Federal de Mejoras, Materiales de 
Vera Cruz, Vera Cruz, Mexico. 
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with air, oil and water purifiers, purchased from the same concern 
in connection with the Westinghouse Electric Company; and a pres- 
sure water cooler which, being erected in a convenient place, 
presents an attractive appearance. 

The pumping plant is composed of two Fairbanks-Morse pumps 
with 75 H.P. motors to pump at El Tejar 300 litres per second; 
two pumps of the same make with 400 H.P. motors with a capacity 
to pump to Vera Cruz; two irrigation and drainage pumps. 

The treatment plant includes two automatic feeders, one for lime 
and the other for sulphate of alumina. These feeders were purchased 
from The Permutit Company of New York. They function auto- 


Linc Basin. VerRA Crouz FILTEers 


‘matically, being actuated by a venturi meter placed in the low 
: service pump. They can be regulated to supply from 0.1 to 7.0 

grains per gallon. They are dust and humidity proof. There are 
also two Permutit agitators, motor driven, with four velocities for 
each feeder. To give more flexibility the agitators, which form 
the floc, operate in two compartments in series. 

The coagulated water passes through a sedimentation tank with a 
retention period of three hours, and afterwards passes to the filter 
plant, composed of six one million gallon units, the periodical wash- 
ing and rewashing of which is controlled automatically through the 
operating tables which were purchased from The Permutit Company 
of New York. The washing and rewashing operation is carried out 
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with the water stored in the 70,000 gallon tank installed near the 
plant. 

Immediately before the clear water is pumped to Vera Cruz, 
chlorine is applied by a Wallace & Tiernan chlorinator. 

To complete the system, a centrifugally cast iron aqueduct 14 
kilometers long and 24 inches in diameter was installed. This pipe 
was purchased from the United States Pipe and Foundry Company 
of Burlington, New Jersey, which company also supplied about 2,000 


tons of Super-Delavaud centrifugally cast iron pipe of small diameter a 
for the city water system. 

The functioning of the plant is correct and satisfied all require- 
ments as is shown by the bacteriological analysis. The water 
pumped from the plant is supplied directly to the distribution system 
with a pressure varying from 40 to 45 lbs. per square inch, which is 
sufficient to reach the roofs of the highest building. The aqueduct 
is connected to a reservoir constructed for a capacity of 24,000 cubic 
meters 4 
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Power generated at this plant will also serve the purpose of drain- 
age pumping about 4,000 hectares of marshy lands around the city 
of Vera Cruz. Thus the sanitation of the port will be up to the best 
requirements. At the same time, the power plant will supply motive 
power and lights to a nearby small town. 

The H. Junta Federal de Mejoras Materiales and the Treasury 
Department have invested, up to this date, a little over the sum of 
four and one half million pesos (Mexican) obtained from the two and 
three per cent Custom House tax on imports and exports, collected 
by the Vera Cruz Custom House for the past three years. Of this, 
approximately two million pesos were invested in the purchase of 
cast iron pipe and the balance in buildings, laboratory equipment, 
machinery and labor. 

The City of Vera Cruz feels satisfaction in having at the present 
time the best and most modern filter plant in all the Republic of 
Mexico. Experts of the companies which supplied the equipment 


codperated with us to make these results possible. TO 
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STERILIZATION AND CLEANING OF A WELL 
WITH CHLORINE AND DRY ICE 


By Max Suter* 


In October 1937 the Illinois State Water Survey was requested to 
rehabilitate the well of the water supply for the village of Tonica, 
The well was 250 feet deep. It was 6 inches in diameter to 167 feet, 
and only 4} inches in diameter below. The static water level was 
150 feet below ground. The yield of the well was reduced without 
a lowering of the static level but with great increase of the draw 
down. Samples of the water showed that the well furnished safe 
drinking water as far as gas formers were concerned, although a 
relatively high bacterial count (around 200) was present. Much 
organic sludge was pumped, which was composed of a gelatinous 
matrix and protozoa. The reduction in the yield was, therefore, 
considered to be due to organic growth in sand surrounding the well. 

To restore this well to a good yield, and to free the water of growth, 
radical means had to be applied. The character of the growth 
showed that high chlorine doses had to be used, and the chlorine had 
to be applied in thorough contact with the whole growth. Layer 
after layer of growth had to be killed off and shaken away to give 
fresh active chlorine access to still lower layers. The use of the 
pump for stirring was considered ineffective in this small and deep 
well; compressed air was not available; therefore recourse was taken 
to the use of dry ice. As far as we know this is the first use of dry 
ice for agitation in chlorination of a well. Dry ice had been used 
before for mechanical cleaning of screens in San Jose and Orland, 
California. This use was described by F. C. Pratt in Water Works 
Engineering, 90: 987. 

The actual procedure at Tonica was as follows: The pump was 
pulled out of the well after filling the high storage tank. The static 
water level was measured. Then about one-fourth of a large can 
of calcium hypochlorite! was dissolved in a bucket, and the solution 


* Paper contributed by Max Suter, Engineer, State Water Survey, Urbana, 
Ill. 

1 By the term calcium hyperchlorite is meant such materials as “‘H.T.H.,” 
“‘Perchloron,”’ or ‘‘Maxochlor.’’ H.T.H. was used in this work. ye 
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was dumped into the well. A block of 50 pounds of dry ice, sawed 
into sixteen sticks 3 x 3 inches, was obtained from an ice cream plant. 
One stick was dumped into the well. Stirring action started im- 
mediately and lasted about 1 minute. The well was then left alone 
for about 15 minutes to give the chlorine time to penetrate into the 
growth. Then an additional and similar dosage of calcium hypo- 
chlorite was dumped into the well followed by two sticks of dry ice. 
The increased dosage of dry ice was expected to dislodge some of the 
growth already chlorinated. About 5 minutes later an additional 
stick of dry ice was thrown into the well for more stirring. A third 
dose of chlorine followed, this time with six sticks of dry ice. This 
gave a gas evolution of nearly explosive character. It brought the 
water high up in the well but not to the surface. After waiting about 
30 minutes, the remainder of the chlorine was dissolved and dumped 
into the well followed by three charges of two sticks of dry ice at 
about 5 minute intervals. After dropping the first two sticks of dry 
ice into the well, the top was plugged with a round fence post. This 
caused additional pressure to be formed in the casing, and it was 
hoped that this would help blow some chlorine solution into the 
water-bearing sand and gravel. 

After gas evolution stopped, the pump was put back into the well. 
Putting the pump back required about three hours time, which gave 
the chlorine additional time to act on the loosened particles of sludge. 
The pump was started immediately, the discharge going into the 
storm sewer. The water came out full of black sludge. After six 
hours of pumping, the water was clear, and the pump was then con- 
nected to the distribution system. 

The yield of the well was restored by this operation, and in the 
last six months the well has not given any trouble with growths in 
the distribution system. It may be that the treatment was more 
drastic than necessary, but open calcium hypochlorite cans and dry 
ice blocks cannot be stored for long, so we used all we had. 

Thermodynamic calculations showed that there was no danger of 
freezing the water in the well as long as there were 11 pounds of 
water to each pound of dry ice. Actually, we had about 1000 
pounds of water in the well and much more surrounding it. There- 
fore, we were on the safe side by using only 50 pounds of dry ice. 
The conditions necessary for blowing the water to the surface are 
harder to predict because they depend on the rate the carbon = 
oxide gas is formed from the dry ice. This phase did not come into — 
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c our problem because we did not expect to have the sludge blown out 
the well. 
‘The effectiveness of each step in this procedure could not be 
er checked, but the total results indicate that the procedure as a whole 
was successful. The extreme simplicity of the operation may cer. 
‘4 ~ tainly allow it wide application. Naturally certain precautions haye 
. a to be observed. Carbon dioxide gas is very suffocating. It collects 
on the floor of the pump room and, therefore, plenty of aeration has 
to be provided. Dry ice has to be handled somewhat carefully due 
a4 to its extremely low temperature. The heavily concentrated cal- 
~ cium hypochtorite solutions should also be gear in the open air, 
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SPECIFICATIONS AND TESTS” 
POWDERED ACTIVATED CARBON 
FINAL REPORT OF THE SUB-COMMITTEE 


Editor’s Note: This report has been accepted as a record of current 
information by the Water Purification Division, by the Committee 
on Water Works Practice and by the Board of Directors of the Ameri- 
can Water Works Association. It is published by direction of the 
Board, for the information of users of activated carbon in water 
treatment. It is to be considered as a record of the mature opinions 
of this committee of very well-informed members of the Association 
who have made an extended study of the subject. Since progress 
in the production and methods of use of activated carbon has been 
very rapid within recent years, and since it appears likely that much 
new and valid information on the subject may develop within a 
correspondingly brief period, the Board of Directors of the A. W. 
W. A. has not adopted the specifications and methods as final and 
official. Standard specifications are useful in a field which is rela- 
tively static but standardization should be developed with caution 
ina rapidly progressing field. 

This document therefore is presented as a record of the com- 
mittee’s work and opinions, with which no major disaccord has been 
evidenced. Deviations from the recommendations and methods 
should be made only when the person so doing is prepared to support 


the deviation with a public record of its validity. 


NOTE 
The publication rights of this report belong to American Water Works 


Association, and it may not be reprinted in part, or whole, without the permis- 
sion of the Editor of this Journal. 


Presented as a report of a committee of the Water Purification Division 
before the session of the Division at New Orleans, April 25, 1938. The mem- 
bers of the committee are: Lloyd C. Billings, Chief Chemist and Supt., Water 
Purification Plant, Dallas, Texas; F. Wellington Gilcreas, Assoc. Sanitary 
Chemist, Div. of Laboratories and Research, State Dept. of Health, Albany, 
N. Y.; Neil Kershaw, Chief Chemist, Indianapolis Water Co., Indianapolis, 
Ind.; R. D. Scott, Chief Chemist, State Dept. of Health, Columbus, Ohio; 
George R. Spalding, Sanitary Engineer, Filtration-Sanitation Div., Hacken- 
sack Water Co., New Milford, N. J.; Mathew M. Braidech, Chairman, Asst. 
Professor of Chemical Eng., Case School of Applied Science, University Circle, 
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PRANSMITTAL MEMORANDUM 


Your Sub-Committee on Specifications and Tests fos 
Activated Carbons, a subsidiary body of the Committee on Speci- 
fications and Tests for Water Purification Chemicals, reports with 
pleasure the completion of its special assignment, and submits here- 
with its final report for your general approval and the official endorse- 
ment of the Association. 

The Committee begs to report that, pursuant to the recommenda- 

tions of the parent committee at the New York City Convention 
in 1934, its activity has been devoted to the extensive investigation 
and study of existant specifications and tests found in current prac- 
tice in the various water works and manufacturers’ laboratories. 
An exhaustive study of all problems incidental to the evaluation and 
use of the carbon materials, made from every possible angle, was also 
included in this work. Periodic findings of this committee effort 
were regularly reported at each annual convention during the past 
four years. 

The Committee feels that it has been most successful in merging 
and co-ordinating the interests of both the water works operators 
and the manufacturers of various activated carbons. Their collabo- 
rative efforts have been productive of much valuable information, 
and have been the basis of the present Monograph, which has been 
condensed from reports totaling some 350 pages to the present 
volume. The completed Monograph brings within the compass of a 
single treatise such informative items as Definition, Trade Names, 
Mode of Manufacture, Physical and Chemical Properties, Use in — z ; 
Water Purification, Manner of Purchase, Packing and Shipping, — 
Weighing, Tnepestion and Sampling, Specifications, Methods 
Tests, Award of Contract, Basis of Payment, Price Adjustment, and 
Rejection, and an appended section containing specimen current > 
specifications of ten municipalities. 

The Committee begs to report further that its activity during the 
past year has been limited within the recommendations of the 1937 — ; 
Buffalo Report; namely, that while the Monograph and its specifica~ tod 
tions were in a tentative state of adoption, the Committee be main- — a : 
tained intact, as an arbitrary body, during this second probationary 
period. 

Prior to the final preparation of the Monograph for publication, ae . 
preliminary drafts of the revised and completed material were — 4 
placed into broad circulation among some fifty interested persons, — a a 
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2. That the specifications and tests, 


- including the Committee’s Referees, manufacturers, water works 
_ Officials, and other concerned investigators, for their additional study 
final review. 
interim have been graciously received and taken under proper advise- 


The comments and criticisms elicited during this 


The general conclusions to the work of the Committee may be 
__ briefly summarized as follows: 
1. That the Monograph, in its present state, is assembled jn 


usable form, making information pertinent to the purchase 
and use of activated carbon readily available. 
contained therein, repre- 
sent equitable and workable procedures for the evaluation 
and purchase of powdered activated carbons for use in water 
purification in the control of tastes and odors. 


3. That the appraisal of powdered activated carbons for use in 


water purification be limited solely to the Phenol Adsorption 
Test, Threshold Odor Test, moisture, density, and fineness 
test items. 

That the Phenol Test be adopted as a means of evaluating 
activated carbons, and that it be made contingent upon 
parallel Threshold Odor Determinations with the particular 
waters for which the purchase of the carbon is being con- 
templated, wherever local conditions require such supple- 
mentary testing. 

That the use of either the Baylis-Gibbs Indophenol Test, 
Kershaw Modified Fox and Gauge Azo-Dye Test, or the 
Diazotized Meta-Nitroaniline Test for the determination of 
residual phenol in the adsorption test, in their present modi- 
fied form, be made available for optional use. 

That the Threshold Odor Test is capable of practical 
application in the control of tastes and odors, and in the 
evaluation of competitive carbons. 

While the Committee feels that one versed in ordinary 
laboratory technique should be able to conduct the carbon 
tests as outlined herein, it deems it advisable, however, 
to stress the point that the adsorption tests and the subse- 
quent determination of the residual phenol and threshold 
odor demand considerable care and precision of manipu- 
lation; and that definite outlined procedures must be fol- 
lowed to the letter if concordant results are to be expected. 
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ks '- g The Committee believes that the matter of appropriate 
ly fl samples is one of the most important features determining 
is th the successful and satisfactory application of the specifica- 
e- hs tion method for the purchase of carbon. Samples, in this 
instance, are subject to the possibility of change and the 
Ne a failure to check may often be attributable to the sample 
ay as much as to the personal equation of the analyst. Pre- 
in In caution should therefore be exercised in their preparation 
xe se and their quantitative integrity should be preserved by use 
a of sealed glass-containers, which may be opened or closed 
repeatedly. 
n 9. That the adjustment of the price of the material be made 
oD 10 on a “premium and penalty” basis as to the uniformity of 
a the shipments with reference to the original bid sample 
n ta submitted at the time of contract, and that it should be 
n ffl scheduled according to the rational mathematical procedure 
‘8 toe submitted in the report. 


g wi and proper storage of activated carbon in company ware- 
n houses and points of consumption at the water works plants, 
ir ino with respect to spontaneous combustion hazards and con- 
\- Uv tamination affecting the adsorptive properties. 
- Your Committee, therefore, recommends the following action: 
1. That the conclusions reached by the Committee be given 
t, ad the support and approval of the Association, and that the 
e busi Monograph on the subject be accepted and approved as 
of ‘Se information originating with this Division. 
I- 2. That the acceptable phenol value for water purification 
grade of activated carbon be set at the upper specification 
1 att limit of a value of thirty (30). 
e sath 3. That the present Threshold Odor Test be accepted as a 
no provisional test, pending further investigation and collabo- 
y ration from the field in actual application. 
n 4. That the Threshold Odor Test be given wider adoption for 
a aon both the determination of the effective dosage of carbon to 
7 Wi be employed and as a supplement to the present phenol test, 
d for verification of its validity as a means of providing pre- 
P dictable performance in actual taste and odor removal from 
natural water supplies. 
5. That the evaluation of activated carbons with the use of 
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10. That due regard must be given to the matter of handling 
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the phenol test alone and the supplementing of this tes 
with the Threshold Odor procedure be left to local option, 


. That in the consummation of the contract, payment shall 


be made on an equitable premium-penalty basis as provided 
for in the Monograph. 


. That to discourage the shipment of inferior grades of carbon 


with phenol values above thirty (30), all penalties above 
this value be assessed to 1} times that fixed for normal 
penalties below the thirty (30) value. It is believed that 
the upper limit of thirty (30) gives a reasonable working 
range, and is high enough to prevent frequent application 
of the higher penalty. 


. That an alternate basis of purchase and payment of carbon 


be permitted by allowing the bidder to state the quality 
and price of the material to be offered, and in the event that 
it falls below the standard, the damages are liquidated in 
the form of a penalty in accordance with the contract 
terms as outlined above. By allowing the bidder to set his 
own standard, he enters into an agreement on a penalty 
basis and no bonus is allowed. 


. That a system of plus or minus be resorted to in the final 


price settlement; that is, for a premium to cancel a penalty. 
The premium need apply only so far as there are penalties 
to counteract. As the contract price is all a manufacturer 
should look for in the above agreement, this eliminates the 
dangerous possibility of a low bid with the idea in mind 
of making enough bonuses during the shipment to offset 
the low contract price used as a subterfuge. 
That the Monograph be made available in suitable form at 
an early date, and at a nominal charge to reimburse the 
Association for all costs incident to its publication. 
That a separate Research Committee on Activated Carbon 
be established to include equal representation of the manu- 
facturers’ technical representatives and water works chemists 
to continue the study of problems which remain and do not 
appropriately fall within the province of the present body. 
This group should be required to perform the following 
investigations: 

a. To study the Threshold Odor Test in detail with 
regard to the fatigue and personal equation that may 


enter into the determination. 
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To determine a suitable means of odors 
ale >: present in water supplies without the usual loss and 
change in character. } 
To conduct a co-operative field survey with a number 
Seay of selected carbons and water supplies with the aim 
aah te: of conclusively establishing the relation of phenol 
values of the carbon and their ability to remove 
‘alotjorentd and odors from water supplies; the Committee to make — 
regular reports at the various sectional meetings. 
ian d. To study the effect of pH on the dispersion of =. 
7 carbon and its effect on the adsorptive properties. : 
. e. To study the agglomeration of the carbon particles 
chemical coagulants and its effect on adsorption. 
f. To study the manner and point of application of car = 
land pone for effective treatment. : 


a areany effect of coagulants on phenol when used as clarifying ~ 
agents in the phenol test. 
a h. To study the selective adsorption tendencies of carbon 
with various taste and odor producing bodies present, 
different water supplies. 
i. To study the stability and deterioration tendency of _ 
different activated carbons on prolonged storage. i 
12. That the Committee be now relieved of its assignment and 
favorably discharged. ou 
For record to this date, it may be mentioned that the work on 
activated carbon, since its inception in 1933, was accompanied by _ 
correspondence, amounting to over 1000 letters of 3050 pages re-— : 
ceived and over 1100 letters of 6500 pages sent by the chairmanalone. _ 
This correspondence is far in excess of the amount circulated in the _ 
work of the parent committee on the 27 chemicals, other than carbon, 
for the period 1932-38. The work of the Sub-Committee involved _ 
a study of some 35 different carbons representing 10 manufacturers. | cs 
The progress of the Committee was reported annually and included * 
four principal reports, totaling some 400 pages (including the present =A 
report), which were represented at the Conventions in New York a . 
City, Cincinnati, Los Angeles, and Buffalo. 
In running the risk of making this report too long, the Committee 
recognizes that many persons have assisted, either directly or indi- 
rectly, in this project. It, therefore, takes this opportunity to 5 
gratefully acknowledge their obligations to their laboratory asso- _ 
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_ ciates who have been a helping hand in this work, and to the various 
__ members of this Association for their generous collaborative efforts 
Due credit is again given to the various interested carbon many. 


facturers. Especially do we want to thank the following for thei 
“a many kind favors and encouraging suggestions: 
p= Mr. Joseph Wrench, Sales Manager, Industrial Chemical Sales 
Division, New York City, and his associates Messrs. J, P. 
Harris, R. N. Statham, and J. Hassler, Director of Research, 
Mr. W. A. Helbig, Assistant Engineer, Sales Division, Dareo 
Corporation, New York City, 
Mr. R. W. Rowley, Technical Sales Representative, Cliffs Dow 
Chemical Company, Marquette, Mich., 
Mr. Herman Salomon, President, L. A. Salomon and Bros, 
New York City, 
Mr. W. O. Wahlstrom, President, General Carbon and Chemical 
Corporation, Monroe, La. 
In like manner the Committee wishes to extend its thanks to 
_ Messrs. John R. Baylis, Leo Besozzi and J. C. Vaughn, Malcoim 
: re Pirnie, A. M. Buswell, Paul Weir, L. A. Marshall, and Harry E. 
_ Jordan for their genuine interest and counsel in this work. 
In closing, the Committee wishes to thank the Executive Com- 
‘ mittee of this Division and its membership for the confidence which 
they have expressed in this group. 


‘THE SuB-CoMMITTEE ON SPECIFICATIONS nvat 
anp Trsts FOR PowpERED ACTIVATED CARBONS: nose 
Mathew M. Braidech, Chairman 
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ACTIVATED CARBON FOR WATER PURIFICATION , 
GENERAL CONSIDERATIONS 


Activated Carbon refers to carbonized materials which have been — 
especially prepared to impart to them a highly adsorptive capacity. 
Ordinary charcoal has little or no adsorptive properties and ei 2 Nie 
not be classified with these more active materials. 

The Condensed Chemical Dictionary, Second Edition (Turner), — 
describes Activated Carbon as follows: 

“Activated Charcoal (Active Carbon)—A more or less pure 
carbon characterized by a high adsorptive capacity for 
foreign molecules. This adsorptive power is due partly 
to the chemical nature of the carbon atom with its attendant 
free valencies and partly to the capillary structure of the 
charcoal which presents an enormous adsorbing surface. 
Other factors, such as condensation of gases and vapors 
in the capillaries, solid solution and chemical combination, 
also contribute to its adsorptive power. Activated char- 
coals cover a wide range of adsorptive power for various 
foreign molecules, depending primarily upon the size and 
chemical properties of the molecules to be adsorbed.” 

For the purpose of these specifications the Activated Carbon shall 7 
be of a type and quality suitable for use in the treatment of public 
water supplies, having the specific property of removing organic 
or inorganic substances which produce, or tend to produce, directly 
or indirectly, objectionable tastes and odors in either raw or treated ‘ 
water supplies. Such Activated Carbon shall be designated asa 
Water-Purification Grade of Activated Carbon, and shall be supplied = 
in a powdered or granular form, depending upon the particular 
requirements. These specifications and tests are limited to the a “J 
powdered material because of its more extensive use in water works 

Trade Name: 

Chemically, carbon in any form is ordinarily designated by the 
elemental symbol C. It is seldom referred to in this manner in the % 
water purification field. Most of the carbons in industry are pro- 
prietary articles and are marketed under various grades and trade a Wal 
hames, e.g., Aqua Nuchar, Hydrodarco, Norit, Magnechar, 
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and so on through a list representing as many different names gg 


Manufacture: 


1142 


The World War gave impetus to the development of methods fo; 
producing activated carbon. The trade term, Activated Carbon, 
was first applied during the War, following the development of this 
material as a protective agent in poison gas attacks. During this 
period, activated carbon was produced from coconut and other nut 
shells and also from anthracite or other carbon dust mixed with piteh, 
briquetted, baked and activated. Extensive investigations and 
development that followed have greatly improved the mode of manv- 
facture with the production of superior carbons. 

Today, most of these manufacturing processes are usually carried 
on under patented or secret procedures. Various cheaper carboniz- 
able raw-materials are utilized, with lignite, peat, seaweed, corn- 
cobs, rice-hulls, cane-bagasse and stalks, wood pulp, lignin-bearing 
byproduct pulp-liquors in paper manufacture, and various other 
residual organic materials incidental to cellulose manufacturing 
operations, sawdust and various woods, as examples. These mate- 
rials are treated by different methods, making use of gases, such as 
air, steam, carbon dioxide, and similar agents under carefully con- 
trolled conditions of temperature and pressure, to insure proper 
degree of activation and uniformity of product. 

The general procedure involves two phases of manufacture. First, 
the initial stage of producing a primary carbon by converting the 
carbonaceous material into a porous and amorphous base by slow 
evolution of the volatile matter at a relatively low temperature 
(400° to 500°C.). Second, the subsequent removal of the adsorbed 
film of hydrocarbon complexes from this primary carbon (which 
seriously poison the adsorptive surface) by continued heating at a 


- somewhat higher temperature (800°-900°C.) under conditions of mild 


oxidation to crack or break down residual hydrocarbons into more 
volatile substances. In this manner, the hydrocarbons are oxidized 
rapidly and the carbon slowly. This final process of “cleaning” or 
removing the adsorbed hydrocarbons is known as “activation.” 
By proper adjustment of temperature and concentration of oxidiz- 
ing agents, an enormous exterior and interior surface analogous to 
a lace-like framework of a “solid foam’’ can be effected through the 
— countless microscopic pores which result from the tunneling and 
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fssuring of the individual carbon particles. This greatly y extended 
surface, together with the free valence effect of the carbon atom, 
makes the material highly adsorptive for many kinds of odor- “a 
taste-producing substances. Investigators have shown the definite — : 
presence of this activation by means of X-ray diffraction patterns. zs 
In some instances, chemicals, such as zinc chloride, ae 
acid, magnesium chloride, are employed as activating agents. These 
chemical reagents are impregnated into the raw material and are | 
either volatilized during carbonization, preventing the formation of = a 
the inactive material on the surface, or leached out of the residue after _ 
the heat treatment, leaving the resulting carbon highly porous and 
active. 


Physical and Chemical Characteristics: 


As already pointed out, activated carbon is distinguished from the _ 
many forms of inert carbon by the peculiar affinity for physic << 
attracting to itself various organic and inorganic bodies such aS 
coloring matter and taste and odors encountered in certain water 7 
supplies. The forces involved in these phenomena are different % 
from those encountered in ordinary chemical reactions. Theoretical ; 
aspects lead us to understand that two intermingling phenomena, | — 
adsorption and absorption, are involved. These are known collec- — i a 
tively to many investigators by the generic term, “sorption.”’ The 
first may be assumed to be essentially a surface tension phenomenon _ Z 
occurring almost instantly at the boundary surface of the adsorbent, _ 
which, by the aid of the exposed or unsatisfied valencies of the fixed _ 
carbon atoms comprising the surface layer of the carbon particle, 4 * ; 
results in the formation of a monomolecular surface film of the | 
material adsorbed. Absorption is regarded as an occlusion phenome- e, a . 
non effected by the “sponge-like” action of the capillaries and micro- my 
pores. Adsorption is said to occur almost instantly, taking place 7 a 
on both exterior and interior; absorption takes place by diffusion  __ 
into the immediate interior, and necessarily lags behind adsorption. __ j 
Both of these phenomena vary in their extent with different carbons __ 
and are considered a function of the degree of activation and the | 
nature of the particular carbon. : 
Because of differences in origin and process of manufacture, the 
individual physical and chemical properties of the different powered _ 
activated carbons vary widely. Most of the commercial products 
appear in the form of black powders of extremely fine subdivision; _ 
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some yielding a neutral water extract, some acid and some alkaline 
depending on methods of manufacture and intended uses. 

Activated carbons of vegetable origin frequently contain oye, 
90 per cent pure carbon. The ash content may vary from one per 
cent to as much as 50 per cent. The unit weights will vary from 
10 pounds, or less, to as much as 35 pounds per cubic foot. They 
may be obtained in varied mesh or particle size, some of the carbons 
being sufficiently fine to entirely pass a 325-mesh sieve—microseopic 
measurements indicate ultimate particle sizes as low as 0.1 micron 
(0.0001 mm.) and particle enumeration from 10 to upwards of 109 
billion particles per gram of carbon. The extent of the total internal 
and external surface area has been estimated to be in excess of 20,000 
square yards per cubic inch of carbon. 

The variety of adsorption phenomena that have been experienced 
with activated carbons indicate that there are many factors which 
may influence their action. Among these are the nature of the liquid 
from which the material is adsorbed, as well as the nature of the 
adsorbed material and the carbon itself, together with the tempen- 
ture, the pH, and the concentration of the solutions. 


Use in Water Purification: 


Powdered activated carbon is used in water purification principally 
as a corrective measure to remove noisome and objectionable tastes 
and odors that may be present in the raw water or may have been 
acquired during the course of treatment. While the largest per- 
centage of these taste and odor complaints have been found to be 
due to algal growths, other plankton forms, and to decaying vegeta- 
tion; in numerous instances, considerable difficulty has been ex- 
perienced with odors set-up by sewage contamination, phenolic 
compounds from coke oven wastes, and other diversified forms of 
industrial waste. 

Improvements in coagulation, decrease in chlorine demand and 
sludge stabilization—permitting longer intervals between basin 
cleanings—have been reported, but these are incidental to the use 
of carbon to remove taste and odor. 

In general, there are two acceptable methods of application of 
carbon. In either case, the technique involves the addition of the 
material to a minor flow of water which insures thorough wetting of 
the dry carbon particles, thus avoiding trouble with floating. The 
formation of a suspension prior to addition to the principal flow of 
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throughout the body of the water being a 

ysed may consist of: 
(a) An ordinary mechanical device designed to feed a 
tional amounts of the dry material, equipped with an 
appropriate solution or wetting box which is operated by “ae 
water ejector, delivering the suspension to the point of 
application. 

b) A solution tank equipped for continued mechanical or 
compressed air agitation, and arranged for constant oe 


at variable rates of flow. 
The first has proven to be the more universally applicable, both — - 
from the standpoint of control and of economics. Bf J 


The selection of the point of application and the dosage to be 2 
applied are items dependent upon local conditions and must be ee “ 
worked out by trial for each plant. At present, application is most i 
generally made to the raw water ahead of the coagulation basins, _ 2M 
either with or after the addition of the coagulant, The plan which on 
seems to be most effective, however, is the so-called ‘‘split-treatment”’ S 
procedure, which consists of applying part of the carbon dosage to 
the mixing basin, securing benefit of better coagulation and sludge 
stabilization, and the balance to the settled water, just ahead of the 
filters, permitting the carbon to build up in a layer on the filters and 
affording it an opportunity to exert its maximum and complete | 
effect. This mode of application may be used to particular advan- Aa 
tage when the carbon required exceeds 2 p.p.m., or 16 pounds per ri 

The following table, compiled from replies to a questionnaire = 
circulated by one of the leading carbon manufacturers, indicates bj “ 
the frequency of use of the four principal methods: NS 


(b) In the settling . 19 percent 
(ec) During the coagulation process..................... 14 per cent 
(d) Direct with the coagulant............... pen . 53 per cent 


Combination of the methods were reported as follows: 


(d)............. . i: 10 per cent 
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In another survey, the A. W. W. A. Committee on Contro| af 
Tastes and Odors reported the following prevalent dosages of gy. 
tivated carbon, and the percentage of plants employing the varioy 
dosages: 


DOSAGES APPLIED 
PER CENT OF PLANTS 
Lbs./M.G. p.p.m. 

has! lto 5 0.12 to 0.60 mr 23 

5to 10 0.60 to 1.20 
to 90 3.72 to 10.80 
od 10.92 to 13.20 
Precautions: 


Activated carbons are most reactive when slightly moist. The 
carbon does not burn readily, but smolders; and can be extinguished 
by spraying water on it in a fine mist. The material can be stored 
in the usual moisture-proof containers and packages without dete- 
rioration. However, damp places for dry-feed machines handling 
activated carbon should be avoided. Machines that have caught 
fire have usually been located in damp places. Actual ignition has 
been found to be due to friction of the feed and sparks from statie 
discharge and overloaded motors. 

Though the explosion hazard is limited, carbons should be handled 
as potentially combustible dusts. Care should be taken to prevent 
excessive scattering of these materials, either at the time of handling 
or subsequently. All open lights or flames and smoking should be 
barred and electrical equipment should comply with the National 
Electrical Code Standard for Installation in places containing inflam- 
- mable dust. Fume proof motors for dry-feeders, such as are used 
_ where there are gasoline fumes, are found in use. An additional pre- 
caution is to ground all machinery to prevent accumulation of static 
electricity. 

Powdered activated carbons should never be mixed with: == 

(a) Quicklime. 
(b) Chloride of Lime, or the hypochlorites. pa 
(ce) Potassium permanganate. 
Such mixtures are known to be spontaneously combustible. When 
ignited they may smolder or burn almost as rapidly as gunpowder. 
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Some nee are subject to deterioration on storage, and, there- 
fore, conditions which are definitely detrimental to the carbon must 
beavoided. Due regard must be had for the general sorption proper- 


ties of activated carbons. 
baz lorescicy wiht To} 9 


Activated carbons shall be piabelinged on a competitive basis. The 
evaluation of their relative activities and efficiencies shall be made 
on either one of the two procedures submitted hereinafter, which 
shall be subject to local option. The first method (Option A) shall 
be based indirectly on their capacity to absorb a definite concentra- 
tion of phenol from aqueous solutions under standard conditions of 
test. The second method (Option B) shall have first qualified the 
carbons on the above phenol basis, and shall then be further supple- 
mented by the more direct demonstration of their respective abilities 
actually to remove tastes and odors from the particular water supply 
for which the purchase of carbon is contemplated, under test condi- 
tions simulating that plant condition, as measured by the Threshold 
Odor Test. Where the validity of the phenol values of the carbons 
has been satisfactorily substantiated as a parallel indication, the 
subsequent contract shall be based on the phenol measurement. 
When competitive bids are submitted with carbons having very 
similar phenol values, the selection of carbons shall be based on the 
Threshold Odor procedure, which shall function as the “Court of 


Last Appeal.” 
4 


you. 30, 


The bidders shall state the trade name and grade of material that 
is offered, and shall submit bids only on materials that have given - 
satisfactory results in water treatment, over a sufficient period of _ 
time thoroughly to furnish proof for their consideration. The bid- _ 
ders may be required to submit a list of a sufficient number of ie ; 
sentative water purification plants in which their activated carbons 
have been used, or are being used at the time of bidding. _— 

In the event that any one manufacturer wishes to bid on more than 
one quality of the material, same shall be permitted provided all é. 
meet the requirements stated herein. However, the contractor — a 
receiving the award must deliver the same quality of activated carbon = 
on his contract as the specific quality on which he submitted his bid - 
and he shall not be permitted to make changes without the consent __ 
of the consumer or his authorized representative. =e ia 

Bidders shall furnish samples with their bids. Samples of not 
less than ten (10) pounds each shall be submitted. These shall be 
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A carefully mixed and quartered to working portions and stored jy 
_ suitable sealed glass containers that can be readily opened ang 
closed repeatedly. In the event of the award of contract these shal} 
- constitute the reference samples with which subsequent. samples of 
7 _ shipments shall be compared for the phenol and odor reduction values, 
BAe The bidders shall guarantee that their samples are representatiye 
of the shipments of activated carbon which they will furnish i 
awarded the contract. In order that a direet comparison may be 
~ made, a formal certified statement (similar to the suggested forms 
a - attached to this monograph) shall accompany the samples, giving 
the complete analysis of the same, showing the phenol adsorption 
7 capacity, expressed as the Phenol Value on whole basis, exclusive of 
moisture (dry basis), per cent moisture (when packed), fineness 
(per cent passing 100, 200, and 325 mesh sieves), weights per cubic 
foot when packed and when loose, as well as the per cent carbon 
content (dry basis). Any, or all, of these items shall be checked 
on the submitted sample by the water works laboratory concerned 
before the successful bidder is awarded the contract. The bidder 
- must guarantee that the carbon will retain its activity after being 

| properly stored in the plant for a period of 120 days. 
The contract will be awarded to the bidder whose bid sample shall 
cle hen e qualified under the local options specified above, Where 
- = _ preference is given to Option B, the contract will be awarded to the 
bidder whose bid sample shall have first qualified the Phenol Value, 
a and, which on comparison with other competitive samples, under 
simulated plant conditions, will afford the largest reduction of odor, 
a as determined by the Threshold Odor Test outlined herein, and 
provide the greatest reduction of odor per unit cost of carbon per 
unit of water treated. The samples of the shipment of the successful 
A bidder will be checked against the original contract bid sampleby 
- means of the phenol test and/or the Threshold Odor Test, as the 


case may be 

-_-_In the consummation of the contract, payment shall be made on 

an equitable premium-penalty basis as provided hereinafter, The 
Contractor shall post with each proposal a certified check or per- 

- formance bond in an amount of not less than five (5) per cent of the 

5 proposal to guarantee strict performance under all contract terms. 


Packing and Shipping: 


In pre to minimize dusting and fire hazard, this matariny shall 
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paper ined cloth barley hogs, 
Recommended Form of Certificate of Guarantee 


(To Whom It May Concern:) or hart Adi! a VW 
We are prepared to furnish for shipment to the —----—-— Water Purifica- 
tion Plant of the City of ———, State of —_——-, against their 


requirements of Activated Carbon, our product (Trade Name of Product), 
having the following uniform specifications: 


Fineness: 
Per cent passing 100-mesh 
Per cent passing 200-mesh screen. 
Per cent passing 325-mesh 
Density: 
Weight per cubic — 
Phenol Value: 
—— parts per million (——), or less, will reduce the phenol from a concen- 
tration of 100 parts per billion to 10 parts per billion when stirred for one (1) 
hour at 100-300 rpm., at normal room temperature of 20°C to 25°C, using dis- 


tilled water solutions with pH of approximately 7.0. S a 
It is agreed that a shipment may be rejected if it fails to equal the original : 
bid sample better than seventy-five (75%) per cent. 7 


It is guaranteed that the carbon to be supplied will retain its activity after 
being properly stored in the plant for a period of 120 days. : 


All above tests to be conducted in accordance with the specifications of the Py _ 


American Water Works Association for Powdered Activated Carbon. ial 
(Name of Firm) Hated 
Soild Signed by: (Authorized Agent) 
(Notarized) 
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Recommended Form of Certificate of Guarantee 


(To Whom It May Concern:) —— 
We are prepared to furnish for shipment to the —--———— Water Purifics. 
tion Plant of the City of —---——, State of —--———, against their 


requirements of Activated Carbon, our product (Trade Name of Product), 
having the following uniform specifications: 


Fineness: 
Per cent passing 100-mesh screen........................0005. — 
Per cent passing 200-mesh — 
Per cent passing 325-mesh — 


Density: 
Weight per cubic —.- 
Weight per cubic 
Phenol Value: 
—— parts per million (——-), or less, will reduce the phenol from a concen- 


tration of 100 parts per billion to 10 parts per billion when stirred for one (1) 
hour at 100-300 rpm., at normal room temperatures of 20° to 25°C, using dis- 
tilled water solutions with pH of approximately 7.0. 


Threshold Odor Test: It is agreed to submit our product to the direct com- 
parative evaluation on the Threshold odor basis with other competitive 
carbons. 

It is further agreed that a shipment may be rejected or penalized if it fails 
to produce taste and odor removals equal to original bid sample even though 
its phenol value is better than seventy-five (75%) per cent of the bid sample. 

It is guaranteed that the carbon to be supplied will retain its activity after 
being properly stored in the plant for a period of 120 days. 

All the above tests are to be conducted in accordance with the specifications 

of the American Water Works Association for Powdered Activated Carbon. 
(Name of Firm) 
Signed by: ———————— (Authorized Agent) 
(Notarized) 
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testing, sampling at the time of use will be satisfactory. 


can be handled in shipment without loss or excessive dusting. Ac- 
ceptable containers shall have a shape and dimension to facilitate 
handling, and shall include, multiple-wall paper bags of the Bates 
type or equal, paper-lined cloth or burlap bags, cardboard cartons, 
paper-lined barrels, paper drums with sealed covers, or tightly closed 
metal drums, or any other container that will be equally effective in 
prevention of dusting. The contents of the containers shall not 
be less than thirty-five (35) pounds nor more than one hundred and 
fifty (150) pounds net weight, when packed. Each package shall 
specify the net weight of the carbon contained on the dry basis... The 
material may be delivered in tight box cars and in not less than mini- 
mum lots as specified for this commodity in the official tariff govern- 
ing the particular shipment (this amount is usually 30,000 pounds 
minimum per carload lot) as shall be directed by the Superintendent. 
of Water Purification, or any other authorized person. The open- 
ings of the car doors shall be protected to prevent breaking of the 
containers in transit. Vite 
Since the activated carbon may absorb moisture in shipment, it 
shall be weighed and subjected to inspection and sampling promptly 
upon its arrival at the point of delivery, in a manner agreed upon by 
the contracting parties; and in accordance with the type and size of 
container. 
Enough of the empty packages or containers (generally around ten) =—© 
shall be weighed to give an average of their weight, and the estimated 
weight of the containers will be deducted from the total weight of — 
the shipment to obtain the weight of the carbon received. The — 
shipment of carbon may then be computed to a dry basis. pst on, 
The inspector shall see that all delivered material is properly 
packed, in type and size of containers and packages specified in the | ss : 
particular contract, and marked to permit ready identification. cane 
The composite gross sample shall be a fair average of the entire a 
shipment. Individual packages and containers shall be selected at 
random from various parts of the shipment. At least five (5) per eG 
cent of the packages or containers shall be so sampled, and in no- 
case shall less ne five (5) packages, or containers, be selected fom 


packages or containers. If it is necessary to use the shipment before 
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a In order to obtain truly representative samples, it is recommended 
Fi that a sampling tube, or a “thief,” be used which takes a core no} 
_ Jess than } inch in diameter. The tube shall be so inserted into the 
packages that it will take a core of the material being sampled from 
a substantially the entire length of the package. The gross sample 
__ thus taken from the individual bags retained for sampling shall weigh 
at least ten (10) pounds and shall be thoroughly mixed and quartered 
as expeditiously as possible, and triplicate samples of at least one 
an pound (1 pound) each shall be taken from the material so prepared, 
The samples will be immediately placed in air-tight, moisture proof, 
glass containers. 
_ The containers for the test samples shall be plainly labeled giving 
the following data: Date of receipt of shipment, purchase order or 
; contract number, name of shipper, trade name of activated carbon, 
point of delivery, manner of shipment (railroad and car initial and 
_ PEN number), weight of shipment, name of sampler or inspector, and 
remarks, if any. 
One sample will be promptly delivered to the laboratory of the 
Consignee for immediate testing, a second sample shall be delivered 
to the Consignor if requested within five (5) days from the date of 
h sampling; the third sample shall be retained and preserved, with its 
geal unbroken, by the laboratory having prepared the samples, until 
- such a time as the material may have been accepted or rejected, or 
a referee test called for. 
Unless otherwise ponte, written notice of dissatisfaction with 


 dpalinintvie prescribed, must “Tr in the hands of the Consignor 
within ten (10) working days after receipt of the shipment at the 
point of destination, the cause for rejection or complaint shall be 
stated in writing and shall be accompanied by a sample of the ship- 
ment under question. Resampling of the shipment may be suggested 
_ if the shipment is on or near the borderline for penalty. 

If the Consignor desires a retest, he shall notify the Consignee 

_ within five (5) working days after receipt of the notice of complaint. 
The third sample, together with a sufficient amount of the Consignor's 
bid sample for test purposes, shall then be forwarded unopened for 
retest to a Referee’s laboratory agreed upon by both parties, and 
the results of this Referee’s tests shall be accepted as final and shall 
be binding on both contracting parties. The party in error shall be 
the one whose results differ to the greatest extent from those of the 
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Referee’s laboratory. In case the Referee’s results fall exactly be- 
tween those of the Consignor and the Consignee, the Consignee’s 
results shall be accepted as final. 

The expense of the retest and the expense of forwarding all samples 
to the Referee’s laboratory, including activated carbon and the 
water supply to be treated, shall in all cases be borne by the party 
in error. 

The Consignor must first have made his tests on the sample of the 
activated carbon shipment under consideration, the results of which 
he has submitted to the Consignee, before he can demand a retest 
in a Referee’s laboratory. ve 

The retest work in the Referee’s laboratory must be completed 
and the results thereof must be submitted to the Consignee within 
ten (10) working days of the time the Consigner demands a retest. 

Other points not covered under this item are recorded in the 
Sections on Weighing and Inspection of Shipment, Sampling, Retest- 
ing and Rejection, Marking and Labeling, Bonus and Reduction, — 
Changes and Modifications for Specifications and Methods of Analy- 
sis for Water Purification Chemicals, prepared by the Committee | 
on Specifications and Tests for Water Purification Chemicals. a 
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SPECIFICATIONS 


ts te 


yA A General Requirements: 
1. Impurities: The activated carbon shall contain no soluble 


mineral or organic substances capable of producing delete. 
rious and injurious consequences upon public health, 


. Moisture: The moisture content of activated carbon when 


received shall not exceed eight (8) per cent by weight. 


. Density: The carbon shall be in the powdered form and of 


such characteristics that it will readily wet down and gp 
into suspension. It must not settle rapidly; yet must not 
have a tendency to float on the surface of the water to which 
it is applied, after the material has been thoroughly wetted, 


. Fineness: The powdered material shall be of such fineness 


that no less than ninety-nine (99) per cent will pass a 100- 
mesh sieve and no less than ninety-five (95) per cent will 
pass a 200-mesh sieve as tested by the wet-screen method, 
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5. Adsorption Capacity: 
a. The adsorption capacity of an activated carbon shall 


be evaluated indirectly on the basis of its ability to 
remove phenol from water by absorption under stan¢- 
ard conditions of test. 

The standard phenol test shall constitute the aé- 
dition of a definite series of increasing quantities of 
activated carbon, expressed in parts per million, to 
liter-volumes of a standard chemically pure phenol 
solution, prepared with distilled water, containing 100 
parts per billion (0.100 p.p.m.) CsH;OH, and the 
determination of the quantities necessary to reduce 
this 100 parts per billion phenol concentration to 10 
parts per billion (0.010 p.p.m.) CsH;OH when mechani- 
cally stirred for one (1) hour at a constant rate of not 
less than 100 r.p.m. nor to exceed 300 r.p.m. The 
temperature of the phenol bearing solution during test 
shall be between 20° and 25°C. and the pH shall be 
approximately 7.0. The phenol remaining in these 
samples, when properly filtered, shall be determined 
by one of the three colorimetric methods provided for 
hereinafter. The values of the amount of phenol 
removed per unit weight of carbon of each carbon 
dosage employed shall be plotted graphically on double- 
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ai i ae logarithmic paper against the corresponding residual 
ald to 20 phenol concentration (per cent of the original phenol 
omtid geil concentration); and the extrapolated numerical value 
oactid: yeti of the carbon, expressed in parts per million, required 
aft bee § to effect this ninety (90) per cent reduction shall be 
elisoi buat known as the Phenol Value of the carbon, and the 
oemnnarie) figure taken shall be the average of duplicate tests 


checking within plus or minus ten (+10) per cent. 
A’ Phenol Value of thirty (30) shall be considered as 
aaiab od the upper specification limit for activated carbons classi- 
haailtie fied as of water purification grade, and values above 
this figure shall constitute cause for rejection. 
B. Specific Requirements: 
Note: The use of the phenol specification alone (Option A) and 
its supplementation by the measurements of the threshold odor 
reduction (Option B) shall be governed by local option. 
1. Phenol Value Requirement: (When Option A guarantee is 
bit selected) 
0 Note: Since activated carbons are available and now found 
in use with phenol values ranging from thirty (30) to almost 
ten (10), with proportionate prices, the definite specification 


(i for this value is left open to local experiences and re- 
ie quirements. 

a. The phenol value of the activated carbon to be fur- 
nished shall be —-———— (_ ) (whole basis) or less. 
t The material shall retain this value after being properly 
wiiyah «3 stored in the plant warehouse for a period of 120 days. 

b. The phenol value specified shall be subject to a per- 
ai nods missible tolerance of plus or minus ten (+10) per cent 
ie Bi Be before the premium penalty adjustment shall be 

applied. 


2. Threshold, Odor Value Requirements: (When Option B 
slays guarantee is selected) 


a. The competitive bid samples qualifying in general 
qood 29 requirements shall be further evaluated in terms of E 
a siqqane- their respective abilities to remove directly odors from 


the particular water supply for which the purchase of 

TO} gars) « the materials is intended. 
_... b. The earbon performance test shall comprise a series 
on nic of comparative laboratory tests which shall approach 
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C. Methods 
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and duplicate the plant conditions, as nearly as it jg 
practicable to do so, with respect to the addition of the 
coagulant and any other pretreatment, mixing time, 
degree of agitation during mixing, and settling time, 
as well as the point of application of carbon and the 
required dosage to reduce the odor to the particular 
tolerable threshold value suitable for local consumer 
delivery. 

The original odor of the untreated water, together with 
the residual odor of the treated water, will be deter- 
mined by means of the Threshold Odor Test outlined 
herein. 

Preference will be given to that carbon which indicates 
the greatest amount of odor removal per unit cost per 
unit water treated. 

The subsequent shipment samples of the successful 
bidder shall be compared and checked by means of 
the Threshold Odor Test against his original bid 
sample, which shall serve at all times as a reference 
sample. 


of Tests: 


I, Moisture: Weigh in a tared weighing bottle exactly 1.000 
gram of sample and place in drying oven for 4 hours at 


od 
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Calculation: 


140°C., cool in dessicator and weigh rapidly. 


Loss of weight 


Wt. of sample < 100 = Per cent Moisture. 


Note: In case of dispute, it is preferable to adopt a drying 
period of at least 8 hours at 140°C. 

Apparent Density: The apparent density of a carbon is 
the weight in grams of one milliliter of the carbon in air. 


The determination is made as follows: 
(1): Weigh a 10 gram sample of the carbon to be tested. 


Mi 2 
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(2) Carefully transfer one-third of the weighed sample 


to a 10 or 25 ml. cylindrical graduate, and while 
gently tamping on a rubber pad, or stopper, keep 
adding more carbon until the entire sample is 
transferred. 


(3) Tamp for 5 minutes and then continue to tamp for 


2-minute periods until there is no further settling 
produced by a 2-minute period of tamping, note 
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volume of the settled carbon onl the 


apparent density as follows: 


Calculation: Volume of Weight per ml. 
” Weight per ml. X 62.4 = lbs. per Cu. Ft. 

3 % III. Fineness: The wet-screen method shall be used for deter- 
a mining the percentage of carbon retained on the screens 
cs of 100-mesh and 200-mesh size. 
dgio” (1) Weigh accurately about 10 grams (if 8-inch screens 


vical are available, 100 grams may be used) of the carbon 
and place in a tared vessel. 
(2) Place in a drying oven at 140°C. for 4 hours, cool 
in a dessicator, then weigh again as rapidly as pos- 
; sible to prevent moisture adsorption. This deter- 
ss mines the loss by drying and gives a record of the 
moisture content of the carbon (if desirable the 
ss first determination of moisture may be omitted and 
figure recorded). 
-—— (3)-:~ Place the weighed dry sample into a beaker and add 
600 to 700 ml. of water, wet the carbon thoroughly, 
then stack the screens with the 100-mesh screen on 
top. First wet the sereens thoroughly, and slowly 
; : pour the mixture of carbon and water onto the 
-- gereen, taking care not to plug the screens. It is 
well to mix the carbon and the water once or twice 
while pouring. Wash all the carbon from the 
beaker. 
(4) After all the carbon has been washed onto the 


Py bosls screens, wash with a small stream of water until it 
tay uit! is believed that no carbon continues to pass through 
the screens. 

_ (5) Separate the screens and place the 100-mesh screen 
abit: over a large white porcelain dish, and collect in 
fondu: this the water passing the screen. If additional 


> garbon continues to pass, it can readily be seen on 

ee the white surface. Wash the carbon passing the 
bositowi)s ts. 100-mesh screen, which is collected in the porcelain 
- dish, onto the 200-mesh screen. Wash the carbon 
oo aa on the 200-mesh screen with a small stream of water 
_ in the same manner as for the 100-mesh screen until 
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a SHEN practically no carbon is observed in the water 
A collected in the porcelain dish. 

i. (6) By means of a stream from a small hose, transfer 
4 Ri tity the carbon remaining on each screen into separate 
beakers, and transfer the carbon in each beaker 


- 


godta oft” 


— am b into separately tared Gooch crucibles fitted with 


an asbestos mat. 
. (7) Dry the crucibles and carbon in an oven at 140°C. 
as in *2. Cool them in a desiccator and weigh 
them. The net weight of carbon in each crucible 
is then recorded. 


clon 


on the 100-mesh screen gives the total 


att that would have been retained on the 200- 


i 
mesh sieve. 
he mavine (eos b. Report results as per cent passing 100- 


mesh and per cent passing 200-mesh 


ce. Wherever possible, a 325-mesh should be 
TO 144 used. 
pdt anott godt: d. With small screens, it is possible to con- 


duct all drying and weighing operations 

ad directly on the screens. 
br IV. Phenol Adsorption Test: The principle of the method is 
covered under item: Specifications—(5-6). The pro- 
cedures given herewith for the determination of the phenol 

are for optional application. 

ni goa Method A. Employs a 2,6-dibromquinonechlorimide 
solution as an indicator, which produces indophenols 
in eolors ranging from a blue-violet to a blue-green 


oi) goivend tint. 

Method B, Employs a freshly prepared diazotized 
__. sulfanilie acid solution, which produces azo dyes of 
_.- varying shades of yellow colors to a yellowish-brown 
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Calculations: 
ag vibj Net weight of carbon in each crucible 
aidT Dry weight of original sample 
Io = Per cent Carbon of each size, 
— edt aldetive Note: a. The amount of carbon retained on the 
shine badtione 200-mesh screen plus the amount retained 
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Method C. Utilizes a somewhat similar diazotization 
Jog OOS procedure, involving the use of m-nitroaniline solu- 


tion for the production of yellowish-green colors with 


phenol. 


hailitaib The methods are identical in sample preparation and calcu- 
- Jation of results, but differ as to the preparation and com- 

parison of color standards. The carbon evaluation pro- 

eedure is divided into— 

vwolad (a (1) General Procedure, common to all phenol tests. 

Ror liad « (2) Direct Colorimetric Estimation of Phenol, using 


either one of the three proposed methods. 


~iadtto9 (3) Plotting and Reporting of Results. 

_ Note: The directions below are amplified by additional 
information in the form of explanatory and precautionary 
notes, appropriately numbered and referred to at the close 
of the outline. 


ot 


1. GENERAL PROCEDURE 


Stock phenol solution: 1 g. of pure phenol! CsH,OH, is dis- 
solved in distilled water and the solution made up to 1000 ml., 
so that 1 ml. of solution contains 1 mg. (0.001 g.) of phenol. 
Standardize with bromate-bromide reagent.’ 

The bromate-bromide reagent may be prepared by adding 
a definite amount of bromate to a bromide solution, which, on 
acidification, will liberate a definite amount of bromine accord- 
ing to the reaction: 

KBrO; + 5KBr + 6HCl = 3Br. + 6KCl + 3H,0. 

The acid is added only to the portion of the reagent used 
for the test. In preparing a N/10 solution, 2.784 g. of pure 
potassium bromate and 10 g. of potassium bromide are dis- 
solved in a little distilled water and diluted to 1000 ml. To 
50 ml. of the stock phenol solution (1-1), equivalent to 0.05 g. 
of sample, are added (in a glass stoppered bottle) 50 ml. of 
bromide-bromate solution and the mixtures shaken. 5 ml. 
of concentrated hydrochloric acid are added, the solution 
again shaken, and after 15 minutes, 2 g. of potassium iodide 
are added. The liberated iodine is titrated in the presence 
of starch solution with N/10 sodium thiosulphate. A blank 
determination is made and the necessary correction is applied. 
1 ml. N/10 Na.S8.0;-5H2O = 1.5685 mg. C.H,OH. 


- 
_ 
ay 
y 
~ 
if 
4] 
. 
— 
ber 
. 


1160 COMMITTEE REPORT [J. A. W. 


1-2 Standard phenol solution: Dilute 2 ml. of stock phenol gol. 
tion, prepared and standardized as directed in (1-1) to 2000 mi 
in a certified volumetric flask with phenol and chlorine-free 
distilled water (1-3). 
1-3 Phenol and Chlorine-free distilled water: To provide distilled 
__ water free from phenol add 10-20 parts per million of activated 
-. earbon and allow to stand over night.* Filter, with aid of g 
vacuum pump, through a filtering mat in a Buchner Funnel 
prepared according to the procedure outlined in (1-14) below, 
before using. To remove chlorine it is advisable to boil off 
25 per cent of the water in the open.* 
| 1-4 Preparation of phenol standards: Prepare standards contain- 
z ip ing 0, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90 and 100 
VIMO! parts per billion (0.005 to 0.100 parts per million) C,H;OH. 
To make these standards, measure from a certified burette, 
ie 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 
ve and 10 ml. of standard phenol solution (1-2) respectively into 
F 100 ml. matched Nessler tubes* which have been previously 


marked. 
> 1-5 Paper pulp stock suspension: With the aid of stirring equip- 
a le ment, beat 25 g. of either Whatman No. 2, No. 5, or No. 42 


filter paper with 500 ml. of distilled water until thoroughly 
_. disintegrated into a fine pulp consistency. A working pulp 
suspension is made by diluting 100 ml. of the stock suspension 
with 1000 ml. of distilled water and stirring at 800-900 r.p.m. 
for 10 minutes, or longer. 20 ml. of this suspension is equiva- 


a lent to 0.1 g. of dry pulp. 

3 1-6 Preparation of phenol solutions for adsorption test: Measure 

} 97 with a 100 ml. certified volumetric flask, or pipette, 100 ml. 
~ of standard phenol solution prepared as directed in (1-2), 


B.: This is not stock phenol solution 1-1). Dilute to 
1000 ml. in a certified 1 liter volumetric flask with phenol 
to free distilled water, the pH of which is approximately 7.0 


; Li and the temperature from 20-25°C., and transfer to suitable 
: aw beakers or jars. Twelve such samples should be prepared, 
a 4] six of which are used at a time. When the test is carried on 


So in duplicate, the second set should be stirred while the first 
At set is being filtered.5 (See 1-10 and 1-15 below). 
= 1-7 Make up a 2000 ml. portion of the distilled water to be carbon 
Pi ra treated to which no phenol is added for diluting the standards — 
and for the blank control. 
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> 1-8 Place six of the samples prepared as described in (1-6) on the 


oOo 


1-9 


stirrer and stir for a few minutes at 100-300 r.p.m. 

Carbon stock suspension: Weigh out exactly 1.000 of activated 
carbon as received® and make up to 1000 ml. with phenol-free 
distilled water. One ml. of this suspension contains 1 mg. 


(0.001 g.) of carbon and is equivalent to 1 part per million 


when added to 1000 ml. of water. 

Stir the carbon suspension continuously from 100 to 300 r.p.m. 
while making the carbon additions to the samples. 

Carbon dosage: For carbons having a phenol value ranging 
from 15 to 25, the carbon dosages suggested are 5.0, 7.5, 10.0, 
12.5, 15.0, 17.5, and 20.0 parts per million, and may be ob- 
tained by adding 5.0, 7.5, 10.0, 12.5, 15.0, 17.5 and 20.0 ml. of 
the carbon suspension as described in (1-9) per 1000 ml. 
used. It is suggested that the 5.0 part per million concentra- 
tion be omitted if the phenol value is believed to be higher 
than 20, and omitting 20 parts per million concentration if 
the phenol value is believed to be below 20. For carbons 
having a phenol value ranging from 25 to 35, the carbon 
dosages suggested are 10, 15, 20, 25, 30, and 35 p.p.m., and 
are obtained by adding 10.0, 15.0, 20.0, 25.0, 30.0 and 35.0 ml. 
of the carbon suspension as above. (Note: Discharge pipette 
back into suspension after each addition to avoid error. Allow 
five minute intervals between each addition. This provides 
ample time for filtration, permitting the use of a single Buchner 
Funnel.) 

To the 2000 ml. diluting water and blank portion add 20 ml. 
of carbon suspension and place on a stirrer, at the approximate 
speed of 100-300 r.p.m. (See B. Determination of Carbon 
Dosage for Odor Control, under 1. Apparatus (1-11).) 
The samples are all stirred at a uniform speed for 1 hour with 
the mechanical stirrer at 100-300 r.p.m. as above. 
Preparation of the Buchner Funnel for filtration:’ Fit a 
9 cm. Buchner Funnel into a suction flask and connect to a 
laboratory vacuum pump. Place one Whatman No. 2, 
No. 5, or a No. 42 filter paper in the funnel. Apply suction 
and add 250 ml. of distilled water to which has been added 
10 ml. of pulp suspension equivalent to 0.10 g. dry pulp, 
prepared as directed in (1-5). Filter dry and discard filtrate. 
When the first sample has had exactly a one (1) hour mixing 
and adsorption period, remove from stirrer and place the 
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duplicate check sample in its place. 
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Add the proper amount 
of carbon suspension as described in (1-11). Follow this same 


he ois _ procedure as the successive samples are removed. The 
diluting water and blank should be removed at the end of 


1 hour and filtered as directed below. 

Filtering treated samples: Pour 250 ml. into the empty Buch- 
ner Funnel prepared as described in (1-14), with suction ap- 
plied, and when the funnel has emptied, remove the flask and 
discard contents. A second 250 ml. portion is allowed to 
filter completely and is preserved in a suitable flask for test 
purposes—100 ml. of this filtrate will be used as a sample. 
Prepare a new filter for each sample as described in (1-14) 
and follow the same filtration procedure until all the samples 
are ready for test.® 

Dilution of standards: After the first six samples and diluting 
water have been filtered, there is ample time to dilute the 
standards prepared as directed in (1-4) to the 100 ml. mark 
with the carbon treated distilled water prepared as described 
in(1-7)*. 

When all the samples and duplicates have been filtered accord- 
ing to the procedure outlined above and the standards have 
been prepared and diluted, the specific phenol determination 
selected should be made. 


2. DIRECT COLORIMETRIC ESTIMATION OF PHENOL | 
_ A. Method Using 2,6 Dibromquinonechlorimide As An Indicator' 


1. Reagents: 


vo 


ani son 


1-1 Stock and standard phenol solutions prepared as described 
in (1-1) and (1-2) under General Procedure. 

1-2 Alkaline sodium borate solutions: Dissolve 15 g. of anhy- 

_ drous sodium tetraborate powder in 900 ml. of warm dis- 
‘tilled water. Stir vigorously while the powder is being 
added to avoid lumping. Add 3.27 g. of sodium hydroxide 
s in the form of a strong solution, (20 to 40 per cent) and 
ss make up to 1000 ml. with distilled water. Five ml. of 
_ the buffer solution when added to 100 ml. of distilled 
water should produce a pH of 9.6.1° If the pH produced 
Servild varies more than 0.1 pH the proper adjustment of the 
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1-3 Standard buffer solutions: For the range from pH 8.8 to 
10.0, these are made according to Clark and Lubs"® as j 
given in the table below: A hodtol 


ae pH 8.8 50 ml. M/5 H;BO;:M/5 KCl 40 ml. M/5 NaOH ¥ 
pH 9.0 50 ml. M/5 H;BO;:M/5 KCl 21.40 ml. M/5 NaOH © . 
pH 9.2 50 ml. M/5 H;BO;:M/5 KCI 26.70 ml. M/5 NaOH of 
9.4. 50 ml. M/5 H;BO;:M/5 KCl 32.00 ml.M/6 NaOH 
9.6 50 ml. M/5 HyBOs:M/5 KCl 36.85 ml. M/5 NaOH (1-3) 
pH 9.8 50 ml. M/5 H;sBO;:M/5 KCl 40.80 ml. M/5 NaOH 
pH 10.0 50 ml. M/5 H;BO;:M/5 KCl 43.90 ml. M/5 NaOH 


Dilute each of the above mixtures to 200 ml. P 
1-4 Thymol phthalein indicator:'® Dissolve 0.1 g. of indicator — 
in 250 ml. of 85-90 per cent ethyl alcohol. Use 0.5 ml. of 
indicator solution to 10 ml. of buffer solution tested. 7 
1-5 Dibromquinonechlorimide indicator: Solution (1-51) is aleo- 
holic and solution (1-52) is aqueous. Either solution _ 
can be used. (See Note 11 for indicator sensitivity. ) “as 
Dissolve 0.1 g. indicator in 25 ml. of 95 per cent ethyl 
alcohol and place in a small glass-stoppered brown _ 
wort bottle. This stock solution will keep 3 to 4 days in a 
ool dark place. To use, dilute 5 ml. of the stock — 
ota solution to 100 ml. with distilled water in a brown a 
bottle. This solution is decomposed rapidly by 
sunlight. 
1-52 An aqueous solution may be made by grinding 0.04 
ante ’ g. of the indicator in a mortar with 10 ml. of dis- 
tilled water until the indicator is completely dis- 
persed. Wash into a brown glass-stoppered bottle 

. and dilute to approximately 100 ml. Shake 10 min- 

utes and filter through filter paper. This solution 
fe OE tie decomposes very rapidly and should not be used after 
minutes. 

1-6 Copper sulphate solution: Dissolve 0.050 g. CuSO,-5H:O 

per 1000 ml. 
2. Procedure using 2,6 Dibromquinonechlorimide as an Indicator: 

2-1 Add to the samples prepared as directed in (1-16) of 
woh bi General Procedure, and to the standards prepared as in- 
dicated in (1-4) and diluted according (1-17), 1 ml. of cop- 
bai per sulphate, made as directed in (1-6) under Reagents for 
Method A. (This may be omitted only when it is known 
sf _ that no traces of copper and tin are present). 
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A 2-2 Add to each sample and standard 5 ml. of alkaline sodjyn 


borate solution” prepared as described in (1-2) g 
Method A, unless previous experience has proven tha} 
greater amounts are necessary to produce the pH 94 
+0.1 pH.'° 


a 2-3 Add to each sample and standard 1.5 ml. of the aqueoys 


alcoholic solution of 2-6 dibromquinonechlorimide ind. 
cator (1-51) or 2 ml. of aqueous solution prepared as 
directed in (1-52) of Reagents for Method A. 

Color comparisons can be made against a white back. 
ground after four hours standing, but preferably after 
standing over night.” 


_ _B. Method Using Diazotized Sulfanilic Acid as an Indicator. 


Reagents: 
3 1-1 Stock and standard sheet solutions prepared as described 
- in (1-1) and (1-2) under General Procedure. 
oo 1-2 Sulfuric acid solution: Twenty-five per cent by volume of 
i 1.84 sp. gr. sulfuric acid. 


Note: Special care must be taken to measure thes 
ss quantities accurately since the final mixture must be 


definitely alkaline and excess quantities would destroy 
this adjustment. 
Sodium nitrite solution: Formula NaNO». Weigh out 
1.2 g. and make up to 250 ml. with distilled water. 

Note: This solution must be prepared fresh, and since 
it is hygroscopic, desiccated material should be used. 
Recrystallized sulfanilic acid: Weigh out 1.91 g. and make 

up to 250 ml. with distilled water. 
Diazotized sulfanilic acid: Prepare 4 hour before using, 
by acidifying 150 ml. of sulfanilic acid (1-4) with 30 ml. 
of 25 per cent sulfuric acid (1-2). Add with a swirling 
motion, a few ml. at a time, 150 ml. of sodium nitnie 
solution (1-3). This mixture is then packed in cracked 
ice for 4 hour before using. (Cooled to between 0 
and 10°C.). 

Note: This makes enough diazotized sulfanilic acid for 


Nessler tubes. The above ratio must be maintained 
in modifying quantities prepared. 
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14 Eight per ont sodium hydroxide solution: 8.0 g. of sodium 
hydroxide and 92 ml. of distilled water are required for 
approximately 100 ml. solution. 
9 Procedure using Diazotized Sulfanilic Acid as an Indicator: ae 
9-1 Add to each sample prepared as directed in (1-16), and to 
each standard prepared as directed in (1-4) and diluted as 
inal indicated in (1-17) under General Procedure, 10 ml. of 
Ps b the diazotized sulfanilic acid prepared as directed in (1-5) 
ed under Reagents for Method B. 
92 Add to each sample and standard as noted above, 5 ml. 
of eight per cent sodium hydroxide prepared as directed 
in (1-6)" above. 
2-3 After 30 minutes’ standing the colors have reached a 
maximum and can be read against a white background. 


C. Method Using Diazotized M-nitroaniline Indicator. | ie 


|. Reagents: 
1-1 Stock and standard phenol solutions prepared as described 


in (1-1) and (1-2) under General Procedure. 

1-2 Amine stock solution: Dissolve 0.138 g. of m-nitroaniline 
(equal to one millimole) with the addition of 101.4 ml. of 
lo Ie concentrated hydrochloric acid (37 per cent) and dilute 
to 1000 ml. with distilled water. The solution is about __ 
normal with respect to the hydrochloric acid. aah 
1-3 Test solution: Transfer 100 ml. of the stock solution (1-2) 
to a liter flask and dilute by adding distilled water to a 
1000 ml. mark. 
1-4 Sodium nitrite solution: (Formula NaNO). Dissolve 0.8 
of the salt in 25 ml. of distilled water. : 
ae Note: This solution must be prepared fresh, and since © 
it is hygroscopic, desiccated material sliowlid be used. — 
1-5 Sodiwm carbonate solution: Dissolve 53 g. of NazCOs ia 
1000 ml. of distilled water. rn 
1-6 Caustic Soda solution: Prepare a liter of 20 per cent NaOH ~ a 
solution. 
1-7. Concentrated Hydrochloric acid: Free from iron. Used 
with dropping bottle. 

1-8 Diazotized M-nitroaniline solution: Add about 10 mg. of 7 ie 
solid sodium nitrite, or 5 drops of the freshly 
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eee solution aie to 50 ml. of the test solution (1-3) ang 
allow to stand for five minutes. This solution can jy 
kept for a day if it is protected from light by storing in 
a brown bottle. 
2. Procedure Using Diazotized M-nitroaniline Indicator: 
2-1 Add 10 ml. of the above diazonium solution (1-8) to each 
a } sample prepared as directed in (1-8), and to each standard 
q a GH prepared as directed in (1-4) and dilute as indicated jn 


wv (1-17) of the General Procedure, and which has been 
het & previously acidified by addition of one drop of concentrated 


hydrochloric acid (1-7). 
2-2 Neutralize the treated samples and standards by the addi- 
f tion of 5 ml. of sodium carbonate solution (1-5), which 


by means of a burette. This neutralization requires about 

3 to 4 minutes per sample. 
Note: It is absolutely necessary to keep within the 
ss stated minimum time periods, because a coloration which 
is too weak in proportion to the amount of phenol present 
is obtained in the ease of two drops per second. To 


7 must be added slowly, drop by drop, (1 drop per second), 


h facilitate mixing, florence flasks are suggested.‘ 
2-3 Next, add to each sample and each standard 10 mi. of 
i caustic soda solution (1-6). The colors develop sharply 


and are rendered permanent for several days. 
. 2-4 After about 15 minutes, read the yellowish-green colors 


of the unknown samples, in the usual manner, against a 
white background.” 
PLOTTING AND REPORTING RESULTS" 


- Plot the results on double-logarithmic paper (Keuffel & Esser— 
No. 358-110-2 x 2 Cycles, or equal)‘ to establish the relationship 
between the carbon dosage, total amount of phenol removed, and the 
amount of phenol remaining for each sample of the above series. 


carbon at each carbon dosage as the ordinate, and the corresponding 
amount of the percent of original phenol remaining as the abscissa, 
a straight line plot is obtained if the experimental data are correct. 
In plotting of the line between points, the so-called method of 
‘least squares” shall be used to establish the correct position of 
‘ 


By plotting the total amount of phenol removed per unit weight of 
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ILLUSTRATION OF PLOTTING AND REPORTING RESULTS | 
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3 4 20 30 40 50607080 100 
Illustration of Plotting and Reporting Resulis (Phenol Value) 


Freundlich Adsorption Equation: (X/M) = KC!/*® “ot 
(X) = Total amount of phenol adsorbed, p.p.b. CsH;OH. Bi ae 
(M) = Amount of activated carbon used, p.p.m. Carbon. q 
(C) = Residual concentration of — p.p.b. CsH;OH at dosage (M). r 
Test No: 101-A henol Solution (Dist. H2O) o, 
May 6, 1938 Original Conc: 100 p.p. af 
Carbon Sample: X-25 and X-26 Soln. Temp: 23.8°C. Tone 
Observer: M.M.B. Contact Time: 1 hour “Th 
Carbon (X-25) Carbon 26) 
Residual Residua > 
Carbon Dosage, Phenol, (x/M) Carbon Dosage, presto B. (X/M) 
p.p.m, P.P.B. CsHsOH falue p.m, CsH;0OH Value 
5.0 62.0 50.0 10.0 
7.5 47.0 7. 0 bus 5 35.0 8.6 


4.5 
Phenol Value: (20. 0) 
Calculation: 


(X-25): (X/M) at 10 p.p.b. Phenol residual 


lin 


M = 20. 0 whsneees Value) (See note 14, p. 1172) 


2.5 
Phenol Value: (36.0) 
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. ‘The phenol value of the carbon is obtained from the plot by extra. 


a | -polating the adsorption value of the carbon (the total amount of 
cy phenol removed per unit weight of carbon) corresponding to the 10 
B: part per billion phenol residual (90 per cent removal), and dividing 


it into the total amount of phenol removed (90 parts per billion 
C.sH;OH). This computed value gives amount of carbon, expressed 
in parts per million, required to reduce the standard phenol concep- 
" tration of 100 parts per billion to 10 parts per billion phenol, and is 
re - known as the Phenol Value of the carbon, as shown in the example plot 
on the preceding page. 
o Because of the slight experimental errors and the limited accuracy 
of the phenol test technic, the values will seldom fall exactly on a 
: straight line. Therefore, an average of duplicate tests made on each 
a sample which have checked within plus or minus ten (+10) per cent 
shall be considered the phenol value of the carbon sample. This 
value shall be computed to “dry basis’ from the per cent moisture 
found (See determination for moisture.) 
” By the expression “plus or minus ten (+ 10) per cent” is meant 
4 that a carbon offered for sale as having a phenol value of 20 may, 
upon test, be found to have a phenol value of 18 (minus 10 per cent) 
- or 22 (plus 10 per cent) without premium or penalty becoming 


Notes on Phenol Technic 


1. Care should be exercised to use chemically pure phenol, CsH;OH. An 
: - absolute phenol grade, loose crystals, similar to ‘“‘Baker & Adamson— 
Carbolic Acid’ (Melting Point, 39.41°C., Maximum limits of impurities, 
non-volatile, 0.004%), or its equal, is recommended. 

2. Application of a Bromine Method in Determination of Phenol and Cresol. 
ae See R. D. Scott, Ind. Eng. Chem., Anal. Edition, 3, 67 (1931). Also Stand- 
ae ard Methods of Chemical Analysis. W. W. Scott, D. Van Nostrand Co. 
i 3. Only distilled water should be used when checking between different 

laboratories. In evaluating carbons for a given water, the filter effluent 
> rs or the laboratory tap water may be used provided that it is made free from 
— substances which might possibly interfere with the tests by predosing with 
= : an excess of carbon. The chlorine and ammonia may be driven off in the 
distillation process during the preparation of the distilled water by re- 
y - ducing the flow of the cooling-condensing water to the point where con- 
— _ siderable steam escapes from the open end of the condenser, with the 
7 i distilled water coming over quite hot. 
; Difficulty may be experienced with Methods B and C on hard water due 
or’. to the precipitation of calcium and magnesium salts by caustic solutions. 
<a The procedures (1-12, 1-15) and (1-17) provide for any interference that 
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might be encountered by any water-soluble matter that may be extracted 
from the carbons during the mixing period. By using the same carbon 
treated distilled water of the control blank for making up standards, no 
further account need be taken of this possible error. 

To conduct this test properly, at least 24 matched Nessler tubes are 
required. The color of the two sets must likewise be the same. Different 
sets are often mixed up or broken up by replacement with tubes from one 
matched set to another. While for ordinary colorimetric work this may 
be satisfactory, considerable difficulty and errors will be experienced in 
their use with either phenol test. A comparison of different sets of Nessler 
tubes, ranging in color and hue from light sea-green to blue-green, gave 
errors that varied from plus or minus five per cent to as much as plus or 
minus thirty per cent in comparative readings. Tubes should also be 
inspected for imperfections, such as distortions and ‘‘twists’”’, which seem 
to throw dark rings around the top periphery of the tube, when held in 
certain positions. It has also been observed that the natural hues of the 
individual tubes can be affected, or changed, by fine scratches and stria- 
tions both inside and outside of the tubes, imparting a prismatic or re- 
fringent effect if the entire tube is exposed to the light when being read. 
See: Standard Nessler Tubes, Part I, Section C, 1936 Edition—Standard 
Methods of Water Analysis. 

Where the number of correctly matched Nessler tubes is limited or where 
the number of test to be conducted are large, 200 ml. Florence flasks may be 
used in which the solutions to be tested and the added reagents can be 
conveniently mixed, and transferred in series to the Nessler tubes. The 
standards are kept in one set of tubes, while the unknowns can be trans- 
ferred to the few remaining tubes, and, when read, poured back to their 
original flasks, thus permitting the reading of the entire series with a 
limited number of available tubes. 

The difficulty sometimes encountered with the deterioration of the di- 
bromquinonechlorimide salts can be remedied by conducting the color- 
imetric tests at a much lower pH than 9.5. It was found that partially 
decomposed salts were sufficiently sensitive for direct colorimetric use 
when the pH of the solutions to be tested was lowered to 9.0 (dilute alkaline 
borate solution (A-1, 1-2) to 100 ml. and then use7 ml. per 100 ml.). It is, 
therefore, recommended that the salts be checked for the pH of maximum 
sensitivity wherever the indicator solutions give off-shades of blue color. 

Baylis (by private communication) suggests the laboratory preparation 
of a fresh supply of the reagent in the following manner: 108 OTA - 

Reagents: oF 1.016 


(1) 2,6 Dibromo-para-aminophenol solution. wol saat 

To 13 ml. of concentrated hydrochloric acid is added 6 grams of the 
aminophenol with thorough shaking in a 500 ml. brown glass-stoppered 
bottle. Distilled water is then added in 50 ml. portions with vigorous 
shaking until a volume of 500 ml. is obtained; at which point about 95 per 
cent of the powder is dissolved. The solution is then placed in an ice- 
bath long enough for the precipitate to settle and until the solution has 
cooled to at least 10°C. Contact with air and sunlight should not be 
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allowed. This solution should not be permitted to stand more than 1 hour 
before using. 

(2) Sodium hypochlorite solution. 

63 grams of sodium hydroxide is dissolved in a little water in a 2 liter 
flask, cooled, and sufficient ice added to bring the total weight of the con- 
tents to 1000 grams. Chlorine gas is then bubbled through this solution 
by means of a glass delivery tube until the weight of the contents is in- 
creased to 1073 grams. The solution should still contain much crushed 
ice at this point. This amount will be sufficient for about 7 batches of 
chloroimide, but it was found easier to work with this amount in producing 
a saturated hypochlorite than with smaller portions. This solution should 
also be prepared fresh. 

Procedure: About 110 ml. of the hypochlorite solution is poured into a 
1 liter flask containing about 200 grams of crushed ice. The cold amino- 
phenol is slowly decanted into the hypochlorite solution and ice, with 
continual stirring or agitation. The quinonechloroimide separates as a 
canary-yellow colored precipitate. The addition of the aminophenol 
solution should be stopped before a permanent blue or dark brown color 
appears and while free chlorine is still present. If the hypochlorite has 
been prepared as directed, there should be sufficient chlorine in the 110 ml. 
solution to take care of the entire 500 ml. of aminophenol solution. Care 
should be exercised in decanting off any of the brown precipitate, as it 
tends to make the chloroimide reagent decompose more rapidly. When 
the reaction is complete, the yellow precipitate is collected on a Buchner 
funnel, filtered with suction, and washed with iced distilled water. The 
precipitate is dried on the filter paper first in a dark place in air, and then 
in a desiccator for at least 24 hours, after which it is prepared in powdered 
form and placed in a brown bottle. (See Gibbs’ reference in Note 9.) 

. Running two sets in simultaneous sequence reduces the doubt as to the 
reading of tubes. Duplicate tests are recommended for referee work. 

. Precaution should be observed to prevent the carbon from coming in con- 
tact with air more than is necessary until after it has been weighed and 
wetted for addition to the solutions in the test. The sample shall be used 
as collected and shall not be dried or treated in any manner before testing, 
the test shall be conducted on an ‘‘as received”’ basis and the phenol value 
so obtained, corrected, by calculation, to dry basis. 

. It has been found that any combination of filter papers yet tried will not 
completely retain all the carbon on the filter in case of certain fine carbons, 
where some of the particles approach colloidal size. Residual turbidities 
of 0.1 to about 1.0 p.p.m. carbon will cause sufficient interference to in- 
crease low phenol readings around 10 p.p.b. anywhere from 25 to 50 per 
cent, while readings at 50 p.p.b. phenol may be increased by only 2 to 6 
percent. Ordinary checking of the clarity of filtrates by the use of Ness- 
ler tubes is unsatisfactory, readings below 1.0 p.p.m. carbon are barely 
discernible—observations should be made under a Tyndall beam. The 
use of paper pulp is definitely recommended as a necessary adjunct in 
obtaining filtrates free from interfering residuals of carbon—residuals 
below 0.1 p.p.m. carbon do not interfere with the colorimetric tests. 
Baylis recommends clarification of suspensions by means of chemical 
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coagulation, as follows: At 5 minutes before the end of the stirring period ; 
make alkaline with 50 p.p.m. of sodium bicarbonate and add 10 p.p.m. of 
aluminum sulphate. Coagulation readily follows and a clear filtrate is _ 
obtained upon the usual filtration procedure. 
It has been found that adsorption of phenol by the recommended pulping — 
procedure is negligible—the accuracy of the phenol test probably does not — 
permit detection of any difference. To avoid errors due to the continued © 
and additive removal of phenol retained on the filter mat, it is reeom- _- 
mended that 250 ml., the first filling of a 9 em. Buchner funnel, be dis- __ 
carded, and the second 250 ml. portion be retained for the residual phenol. — 
Sintered glass crucibles offer a uniform and excellent filtering medium — 
for this purpose. 
The concentration procedure by distillation, recommended by Baylis, — 
may be applicable to all three phenol test procedures. See:The Indophenol _ 
Test. H.D. Gibbs. Jour. Biol. Chem., 72: 649-664, April, 1927; Elimina- 
tion of Taste and Odor in Water. John R. Baylis. McGraw-Hill Co., F 
New York City. An Improved Method for Phenol Test. John R. Baylis. — -“- 
Jour. A. W. W. A., 19: 597-604, May, 1928. Chemical Aspects of Stream 
Pollution by Phenols. E. J. Theriault. Ind. Eng. Chem., 343-346, April, © 
1929. Procedure for Making Quantitative Phenol Determinations. John 
R. Baylis, Water Works & Sewerage. 79: 341, October, 1932. tec 
10. The Determination of Hydrogen Ions. W. M. Clark. Williams & Wilkins, 
Baltimore. Buffer indicators are now made to cover this pH | 
range and may be more convenient than making up the buffer solutions. — 
The oleo-red standards have been found to last a reasonable time. 
Using the alcoholic preparation of the chloroimide salt makes it possible to — 
add ten times more reagent than is the case with aqueous solution (solu- 
bility in aleohol is equal to about 0.03 grams per 10 ml. as compared with 
0.03 gram per liter of water). It has been noted that the alcoholic solution 
is faster in color production and less susceptible to deterioration and inter- is 
ferences. 
12. The contents of the Nessler tubes should be mixed with the aid of an appro- ne 
priate glass rod, following the addition of the dibromoquinonechlorimide _ 
indicator (see Note 4). The gravity of the diazotized sulfanilic acid and 
the caustic solutions insures complete mixing. If rubber stoppers are to 
be used they should first be boiled in an alkaline-permanganate solution 
for at least 30 minutes and washed well with distilled water, otherwise the 
sulfur contained in the rubber will interfere. Avoid contact with the skin 
of the body in any case. Diazotized sulfanilic acid should be kept away 
from direct sunlight as it is subject to photochemical action and will turn 
yellow in a few minutes. 

Time plays quite an important part in the full color development with 
the diazotized sulfanilic acid indicator. In some cases color development 
up to twenty minutes has given brownish off-shade casts in the standards 
which gradually disappear at 30 minutes. Therefore, no less than 30 
minutes contact should be used if proper development is to be obtained. 
It is necessary to emphasize the instability of this indicator, as well as 

that of Method A. 
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Various shipments of the dibromoquinonechlorimide salt indicate the 
material to be a variable product, the sensitivity of the proper indophenol. 
blue color development may vary in the range of 50 to 10 p.p.b. phenol 
depending upon the lot received (see Note 4). 

It is believed that as one becomes trained to either of the colors (indo. 
phenol-blue and azo-yellow), an accuracy of 10 per cent is possible jp 
making color gradations in visual matching. It is recommended that the 
individual analyst train himself to read color gradations within 5 p.pb, 
before attempting to make an actual test. Preliminary trials should be 
made with a carbon of known phenol value. 

. The number of recommended dosages for the two ranges of carbons (15 to 
25 and 25 to 35 phenol values) give sufficient points to definitely determine 
the trend of the line to be plotted, even if a point or two should fall out of 
line. A rectilinear plot on the double-logarithmic graph permits accurate 
extrapolation and, at the same time, serves as a convenient and ready 
means of checking any data that may be out of line. It is suggested that 
the less reliable readings below 5 p.p.b. phenol be given minor consider. 
ation in making the plot, allowing the majority of points in line to deter. 
mine the slope. 

The plotting of values corresponding to the carbon dosage and the total 
amount of phenol removéd by the dosage (amount of phenol units removed 
per unit weight of carbon at a given dosage), against the corresponding 
amount of phenol remaining (per cent of the original phenol concentration) 
on double-logarithmic graph paper provides a rectilinear relationship 
which is referred to as a phenol adsorption isotherm, and is found to be 
governed by the often quoted Freundlich adsorption equation (X/M = 
KC"®) which, expressed in words, states that the amount of material ad- 
sorbed per unit weight of carbon decreases uniformly as the amount of 
the remaining material to be adsorbed decreases. (See Note 9 in Notes 
on Threshold Odor Technic and example plot.) 

. This double-logarithmic paper is available only with lines printed in 

orange or green but not blue. Orange or green ruled paper may be used 

for original copies or for blue prints when the halation effects are not 
objectionable. 

If a Van Dyke print is to be made or the graph is to be used to makea 
cut to illustrate printed text, orange or green ruled cross section paper 
must not be used as the reproduction will be foggy. In such cases tracing 
paper or cloth should be superimposed upon the original graph and a copy 
made with black india ink. Only the significant interior rulings should 
be inked in since an excess of ruling destroys the definiteness of the cut or 
print. If a blue lined cross-section paper becomes available, it may be 
used, provided that the marginal and important interior rulings are over- 
drawn in black and further provided that the ordinate and abscissa figures 
are over-inked in black. When a cut or Van Dyke print is made from 
such paper, the blue lines will not reproduce and there will be no halation. 

Note that the graphs on pages 1167 and 1186 have been made mathe- 
matically incorrect as an incident of editorial preparation of this manu- 
script. Ordinates below 3 have been omitted in order to increase the size 


of the remaining portion of the graph. 
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THRESHOLD ODOR TEST 


The Threshold Odor Test herewith submitted provides an accurate 
means of numerically determining the odor intensity of water sup- 
plies. Basically, the test is the one developed by Spaulding in 1929, 
wherein the smallest amount of sample required to give a perceptible - il 
odor is called the Threshold Value of the odor. The intensity is i aie 
expressed in unit volumes to which one volume of odor-bearing water 
must be diluted with odor-free water to bring the odor intensity 
to the point at which the sense of smell is just able to perceive it. ae oe 
The numerical odor value is obtained by dividing the diluted volume _ . 

at which the threshold perception is found by the volume of the 4 
original undiluted sample. 

The present modification provides a planned system of dilutions 
and comparisons to shorten the time of test and reduce the human 
factor of fatigue to a minimum. In brief, the method consists of ¥ 
finding the highest dilution of the sample to be evaluated in 4 


the odor can just be detected by comparative differentiation with a 
sample of odor-free water, serving as a constant reference blank, _ i 


under similarly controlled conditions of test. The use of the reference sh ae 
blank, definitely mitigates the inherent error of the single flask method on 
and assists in detecting odor differences with a greater degree of 


certainty. 
There are certain psychological and physiological factors that enter aia! 
into this type of testing in the form of personal equation, which tend = 
to limit the value of the test unless certain precautions are taken. It = 
is recommended, therefore, that two persons should be required to . 
conduct the test, one to make the dilutions unknown tothe otherwho 
is to make the observations under absolutely blind conditions. The _ a 

person making the observation must not be told what comparisons 

are being made (except possibly in the case of the beginner), and — 
he should not even be told whether he is reporting consistent rele me 
during the progress of the test. 
The test, as herewith described, consists of three parts: bg 
Part A—dealing with the quantitative determination of odors 
in raw water supplies and water in various stages of purifica- — 
tion, to determine the relative reduction of tastes and odors 
in processing. 
Part B—dealing with the determination of the correct dosages 

of carbon to be applied for the control of tastes and odors. 

Part C—dealing with the direct evaluation and comparison of — 


the relative efficiencies of different carbons. 
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A. Determination of Threshold Odor Values of Water _ 


Apparatus: 
1-1 One 25 ml. Mohr pipette, accurately graduated in pilj. 
2Se liters to 0.1 ml. 
--« 4+2)- One 250 ml. graduated cylinder, with 2 ml. subdivisions 
1-8 Six 500 ml. Pyrex Erlenmeyer Flasks, with 30 mm. width 
mouth, fitted with ground glass-stoppers. The 500 mj 
_ Erlenmeyer flasks without stoppers may be used if covered 
a so with small cover glasses or beakers. These narrower 
flasks require the use of glass nose pieces. The added 


a convenience of the wider glass-stoppered flasks makes them 
ad more desirable for this test.’ 

Glass nose-piece, or osmoscope. A number of observer 
eet find that the detection of odors in the flasks containing the 
jo al samples is assisted by the use of various types of glass-tube 
foil nose pieces. These glass extensions fit the nose, or into 
ge alti the nostrils, while their lower ends extend into the flask 
Anal just above the surface of the water being examined, thus 
Ae preventing the dilution of the air containing the odor, with 
bot the surrounding air. An equal number of observers report 
jo & greater convenience in testing by simply using the wide 
’ . mouth flasks. With the latter procedure, the interfering 
ode sense of touch is eliminated—this can be a disturbing 
bast factor during the process of mental concentration, which 

a jor should ordinarily be fairly rapid. 
iB Wherever desired such simple nose pieces may be made 
odd" from a piece of glass tubing about ? to § inches inside 
er diameter, by grinding and heating one end to flare the tube 
ee a to the approximate contour of the observer’s nose. With 
«bate, the aid of a wax impression and a plaster cast of one’s nose, 
se phaee it should not be difficult to shape the glass with a carbon 
ae gt pencil to fit the nose. Another type of nose piece may be 
more readily constructed by using two glass tubes held 
= “tobu together by means of a sliding clip, so that their center 
ects lines are about 32-inch apart, allowing them to fit com- 
#106 fortably into the nostrils. An adjustable double-nose- 
= piece osmoscope is on the market. Instead of a single tube, 
29 two tubes, with acorn-shaped inserts, about #-ineh in 
8 . diameter, one of which is adjustable, terminate into 4 


de ao single tube which is to extend into the flask to be sniffed. 
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Two chemical thermometers, red liquid filled, good range — on 
around 65°C. 
Two precision electric heaters, approximately 5 inches — : 
square, with suitable clay tops to fit the bottom of the . 
Erlenmeyer flasks, with individually controlled rheostats 
to insure equal temperatures for all dilutions. A larger — i 
hot plate will answer the purpose, but requires more atten- i 
tion in watching that all flasks are heated equally to the 4 a 
same temperature. Where electric devices are not avail- | 
able, gas can be used provided a steel plate is used to _ 
prevent the flames from heating the tops of the flasks a y 
proper precaution must be taken to prevent the possible — 
contamination of samples by unburned hydrocarbons. 
One large electric hot plate with water-bath arrangement 
to preheat large bottles (approx. 4 liters or more) of odor- 
free dilution water to the desired working temperature.! _ a 
This large supply of water will save considerable time in — LY 
bringing the samples under test to the correct temperature. __ 
Laboratory carbon filter. Taste- and odor-free water may 
be prepared by passing tap water through a bed of granular - 
activated carbon. A glass tube, about 5 feet high and ~~ 
about 2 inches inside diameter, filled with a good grade of | 
well washed granular activated carbon (about 3-inch size), 
supported on a 3-inch layer of clean gravel, with an upward 
flow of tap water at about one to two gallons per minute 
per square foot of cross-section area, will provide a suitable 
and ample supply of water for dilution purposes. It Sis @ 
advisable to thoroughly flush out the water standing in i 
unit each time, prior to using. The carbon should always e 7 
be completely submerged with water, and changed every 
few months. Other procedures are suggested in (2- ae } 
below. 
Vacuum distillation apparatus. Wherever it is desired iss 
and found necessary to increase the intensity of the odors 
of a water sample, recourse may be made to the concentra- 
tion of the taste-and odor-producing bodies by vacuum _ 
distillation. An apparatus comprising of a suitable con- _ 
denser fitted with interchangeable ground glass connections 
to fit a large distillation flask (2 liter capacity) and a re- | 
ceiver flask ml. capacity), as can be supplied 
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by any laboratory supply house, will answer the purpose, 
The receiver flask should be fitted with an appropriate 
connection for application of vacuum, which can be sup- 
plied by means of a laboratory hydraulic suction-pump, 
The use of rubber or cork stoppers and contact. with 
metals, such as tinfoil, should be avoided. In concep. 
trating odor by distillation the question may arise whether 
water containing such odors responds to deodorization with 
carbon in a manner identical with that of water containing 
the same original concentration of odor, but undistilled. 
This should be investigated in each case. Such concen- 
trates were found to be remarkably stable for a long period 
of time. 


2. Reagents: 


2-1 
1: 


le 
i 


Odor-free water. To insure the success of the Threshold 
Odor Test, it is most essential that the water used for dilu- 
tion be clear and absolutely free from all traces of odor, 
This water should contain the same amount of dissolved 
mineral matter as the water to be examined, and should, 
therefore, be prepared from the same plant effluent where 
the test is to be made. 
Three methods of preparation are available: 

a. By boiling the water until about 10 per cent of the 


original volume has been evaporated, whereby the 
volatile odor-producing substances are driven off with 
the steam. This procedure does not produce odor- 


atl 
geal 


free water in every case. 
b. By treating several liters of water with about 400 to 
500 p.p.m. of washed powdered activated carbon. 


_ Phe carbon should be thoroughly shaken and after 
@ contact period of one-half hour, or more, the super- 


natant liquor should be decanted and filtered through 


a well washed filter paper, discarding the first portion 
until the filtrate comes through clear and free from 
any odor of the filter paper.2 The remainder of the 
water should be stored in completely filled bottles. 
ss Treatment with alum will hasten the clarification of 
ss the carbon treated water, should there be immediate 
need for such a supply. 
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c. By passing the water through a bed of carbon as 
explained under (1-8) above. This appears to be the 
most convenient means for producing odor-free water 
where large quantities are continually required. 

The odor-free water should be stored in scrupulously clean 

glass stoppered bottles of sufficient capacity for not more 

than 24 hours. 

Sample of water to be evaluated. The water to be tested 

for its odor value should be carefully collected in clean 

bottles, and subjected to immediate examination. Care 
should be taken that the bottle is completely filled, and 
when transferring portions of the samples from the bottle 


to the graduate and flask, agitation and aeration should 
be kept at a minimum. Where the water is to be used in 
carbon evaluation, it should be composited hourly over a 


24-hour Sash where flashy supplies are 


3. Procedure: fren waiter. 


3-1 To guide the or investigator properly a preliminary 
approximation should be attempted, without dilution, 
directly on the original sample of water. This initial step © 
rote assists in developing acquaintance before hand with the — 
character and quality of odor to be dealt with. ‘¥ 
vote The qualities of odors likely to be present in water sup- 
___- plies vary widely, and may if desired be expressed in accord- 
anee with the following descriptive terms the corre- 
adil sponding assignable code letters: 

Code Nature of Odor Description — 
Aromatic ‘Such as odors of camphor, 
(Spicy) and lemon. 
join ai!) ind) Ae Cucumber Such as odor of Synura. 
or Balsamic Such as odors of geranium, violets — 
(Flowery) and vanilla. 

Bg Geranium Such as odor of Asterionella. 
ley Nasturtium Such as odor of Aphanizomenon. 
Be Sweetish Such as*odor of Coelosphaerium. 

By Violets _ Such as odor of Mallemonas. 


chemical treatment. 
a im i 


Chemical devi Such as odors due to industrial wastes om 
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Code Nature of Odor Description 
Ce Chlorinous Odor of free chlorine. 6 
Hydrocarbon Such as odors of oil refinery wastes 
Cm Medicinal Such as odors of phenol or iodofom, 
ber Ca Sulfuretted Odor of hydrogen sulfide. 
D Disagreeable Pronounced unpleasant odors, 
Df Fishy Such as odor of Uroglenopsis an 
Dinobryon. 
Pigpen § Such as odorof Anabaena. 
at Septic Such as odor of stale sewage. 


ati) 


orld Ep Peaty Such as odor of peat 
bivods nai G Grassy iga Such as odor of crushed grass. 
ive Musty —_— Such as odor of decomposing stray, 
Mm Moldy —_—_ Such as odor of damp cellar. 


ote 
V 
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example, 


Earthy 


Vegetable 


With the use of the above code and the sensory intensity, 
as expressed by the Threshold Value, an odor can be con- 
pletely identified. The threshold numeral is prefixed to 
the descriptive quality epithet; such as, the combination 
of numeral and letter (20-Df) indicating a distinct dis- 
and (10-Bg) a somewhat fainter 
where combination of odors ar 
encountered, double expressions, such as (40-E-M), for 
meaning decidedly earthy and musty like 


agreeable fishy odor, 
geranium odor; 


and 
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Such as odor of damp earth. : R 


Such as odor of root vegetables, 


character. 
To allocate rapidly the approximate odor value, after the 
above identification, a preliminary series of about three or 
four dilutions at large intervals, so selected that the most 
probable value of the threshold odor of the sample falls 
in the middle of the series, are first carried out. Where 
odor determinations are being run in daily routine, the 
continuity of results, in most cases, may eliminate the neces 
sity of these préliminary tests, except where flashy waters 
are to be encountered. 

Assuming that the Threshold Value lies in the vicinity 
of 20, the subsequent test is then carried out as indicated 


+ 
3-2 
* 
: 
: fe 
2 


W. 


and 


you. 30, NO. 7] ACTIVATED CARBONS 1179, 
38 Add, by means of a calibrated pipette, 12.5 ml. of the 
atid water to be tested and 237.5 ml. (using cylindrical graduate) 
of odor-free dilution water to a clean* 500 ml. glass-stoppered 
Erlenmeyer flask. If care is exercised, the measured sam- 
habroos' ple may be added to the graduate and diluted to the 250 ml. 
volume with the odor-free water, then transferred carefully 
to the 500 ml. flask. Number the flask for identification 
_record. 
34 Add 250 ml. of odor-free water to a similar flask. Number 
ot the flask for identification and record. 
8-5 Warm the two flasks on electric heaters until a temperature 
eottl of 55° to 65°C. is reached, suiting the comfort of the ob- 
server.'' Individual thermometers should be used with 
each flask to prevent the possibility of cross-contamination 


of samples. 

3-6 -Pass the flasks to the observer, as unknowns, telling him 

‘= _ only that one flask contains some of the water to be tested 

and that the other is a reference blank of odor-free water. 

~ Do not tell him the dilution employed during the time that 


the tests are being made. More reliable results are 

obtained if the two flasks are interchanged so that the 

_ observer does not know in which flask to expect odor. 

_ Where a number of observers are involved, it is necessary 

2 that they be kept in complete ignorance of the identity of 

: __ samples smelled and the opinions of the preceding ob- 

servers, by requiring each of them to record their decisions 
We separately on a ballot form, or a slip of paper. 

8-7. The observer should shake the flasks‘ in any order he 

chooses and gently sniff or inhale the warm vapors from 

Riggio! ne the two flasks in fairly rapid succession, giving results as 

positive in a certain flask, or negative, if none is detectable, 


meaning no differences.® 
3-8 Repeat (3-3), (3-4), (3-5), and (3-7), increasing or decreas- 
101 ing the amount of odor-bearing water used as indicated 


__ by the reactions of the observer (or a majority of observers) 
to the first concentration. If this was positive, then use 
less of the odor-bearing water in the next dilution prepared.° 
Continue this process of elimination until the dilution is 
found at which the characteristic odor is just discernable 
when compared with the odor-free blank.’ This is called 


Any 
= 
> 
st 
= 
WwW. 
ty, 
to 
4 
ion 
is 
ter 
re 
or 
JES 
he 
or 
st ‘ 
ls 
q co, 
re 
4 
238 
. 


COMMITTEE REPORT 


the threshold point of dilution, and the T bohaa Number 


lo 

is obtained by appropriate division as indicated in the 
table of (4-1) below. 


4. Recording Results: 


4-1 The numerical value of the Threshold Point is recorded 
as the reciprocal of the highest dilution of the odor-bearing 
--——s- water which can be distinguished from the odor-free water 
a7 serving as reference blank. For example, if 4.2 ml. of the 
eo sample on dilution to 250 ml. with odor-free water does not 
, give an odor while 5 ml. to the same dilution does, the 
--- numerical value of the odor is 250/5 or (50). The follow- 
E sing table gives the relationship between the diluted volumes 
q the Threshold Values. al 
Threshold MI. Sample Threshold Ml. Sample H:0 
Number Odor-bearing H:O Number Odor-bearing 
od} jadi of oun aves 
hi A 8.0 31 125 2.0 
4d 12 ot bivode od OQ 
Working with 250 ml. as a diluting volume, the volumes 
of odor-bearing water can be measured out directly with 
ss sufficient accuracy in the 250 ml. cylindrical graduate for 
ss the threshold range from (1.0) to (10); and, if desirable, 
ss the values can be determined to a half-unit. For values 
between (10) and (25) inclusive, a 25 ml. calibrated pipette 
or burette may be used, and for values above (25) a 10 ml. 
graduated pipette. 
= aD For accurate results, it is recommended that the deter- 


minations be made in duplicate with a check of at least one 
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anit for values below (25) ; two for between 
(25) and (50); and, three for values between (50) and 
(75), etc. 
ai alot In reporting results, the temperature at which the tests 
were conducted should also be indicated. Any deviations 
from the above procedure should also be noted. 
#2 The following tabulated data illustrate a typical scheme of 
of notations s for a given determination. 


(T hreshold Odor Value Greater than 10) be 9 

Sample: Raw Water Observer: J.S.P. 

Date: 2-10-38 Temp. of Test: 60°C. 


Order of Dilution. Flask No, Dilution. Reaction. Threshold No. 
4 25-250 (10) Positive. 
3 Blank Negative. 

3rd 5 Blank Negative. 
6  6.3-250 (40) Negative. 
Yo 2 «83-250 (30) Positive. 
5th 3 7.1-250° (85) Positive 
1 Blank Negative 
(See Note 6—Table A.) 
* Threshold Point. noth 
4 to 


Illustration No. II. 
(Threshold Odor Value Less than 10) 
Observer: J. 


domed 


Sample: Filtered Water 8. P. 


Date: 2-10-38 Temp. of Test: 60°C. 
Order of Dilution. Flask No. Dilution. Reaction. Threshold No. 

Ist 1 25-250 (10) Negative. “i of ‘the: 

4th 3 Blank Negative. 

1 42-250* (6) Positive.* 


(See Note 6—Table B.) 
* Threshold Point. 
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B. Determination of Carbon Dosage for Odor Control 


1. Apparatus: 
Apparatus used in (A. Determination of Threshold Odor Values 
of Water (1-1 to 1-9) is also employed in this group of tests, in 
addition to the equipment listed below. 
1-10 One porcelain Buchner Funnel, 9 cm. inside diameter, 
with a 1000 ml. Pyrex Filtering Flask, connected to a labo- 
ratory vacuum pump. A supply of Whatman No. 2 and 
No. 5 filter papers. 
A laboratory stirring or mixing apparatus, equipped to mix 
at least four samples. The stirrers should be of glass—a 
;s-inch glass rod of sufficient length, with a 11-inch bend 
at a 45° angle to the shaft, answers the purpose ideally. A 
stirring speed with a peripheral velocity equal to the mixing 
velocity experienced at the plant should be used. Mixing 
jars of 1000 ml. should be used—a 2000 ml. size is preferable 
since it permits larger pipetting volumes of the carbon sus- 
pensions and hence adds to the accuracy of the test. 
2. Reagents: 

Reagents used in (A. Determination of Threshold Odor Values 

of Water) (2-1 and 2-2) are also employed in this group of tests, 

in addition to these listed below. 
Paper-pulp stock suspension. To insure clear filtrates 
with carbon treated waters, the ordinary type of laboratory 
filter paper requires reinforcement with well-beaten paper 
pulp when vacuum filtration is practiced. With the aid 
of stirring equipment, beat 25 grams of either Whatman 
No. 2, No. 5, or No. 42 filter paper, which has been shred- 
ded, with 500 ml. of distilled water until thoroughly dis- 
integrated into a fine pulp consistency. This macerate 
should be boiled for at least 30 minutes to remove the paper 
oder. Contributing odors from filter papers and paper 
pulp should be guarded against by proper storage in 
absence of odor bearing chemicals, cabinets and drawers. 
Boiling during the beating treatment will assist in the 
preparation of the pulp. A working suspension is made 
by diluting 100 ml. of the stock suspension with 500 ml. 
of distilled water and boiling the mixture for 10 minutes, 
while it is being mixed at 800-900 r.p.m. 10 ml. of this 
prepared suspension is equivalent to 0.1 gram of dry pulp. 


(i 
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4 suspension contains 1 milligram (0.001 g.) of carbon and 


determine the amount of odor reduction due to normal 


lt 3-3 Stir the stock carbon suspension continuously from 200 
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See (1-5), (1-14), and (1-16) under 1. (General Procedure 
Phenol Adsorption Test.) 
24 Carbon Stock suspension. Weigh out 1.000 gram of 
a b activated carbon® (as received) and make up to 1,000 ml. 
e with odor-free water, as directed in (1-9) of 1. (General 
eee - Procedure under Phenol Adsorption Test). One ml. of this 


is equivalent to a dosage of 1.0 p.p.m. when added to 
1000 ml. of water to be treated. 08 
3-1 To determine the range of dosages to use, refer to the 
- threshold odor of the untreated water. If this is fifteen 
or less, use 2, 4, 6, and 8 p.p.m. of carbon. If it is between 
ml} gaily fifteen and thirty, double these dosages; if between thirty 
and forty-five, triple them, ete. Judgment in this direction 
will be developed with individual experiences. 
3-2 Place 1000 ml. of the odor bearing water (raw water) to be 
treated into each one of the glass containers of the stirring 
mechanism. These are to be treated with various dosages 
ea of the activated carbon as indicated in (38-1) above. The 
test should be outlined at this point to parallel the indi- 
___- vidual operating conditions with regard to the order and 
point of application of the carbon, together with the usual 
ae ‘to chemical treatment and the subsequent mixing and settling 
time. +A blank determination, without carbon treatment, 
should be run in parallel as a control sample to concurrently 


chemical treatment. 


% to 300 r.p.m. while making the carbon additions to the 
samples in the order prescribed above, allowing five minute 
intervals between the additions to the different jars. 
(This provides ample time for filtration at the end of the 
‘run, permitting the use of a single Buchner funnel, and 
avoiding crowding in manipulation.) After each addition, 
discharge the remaining contents of the pipette back into 
the stock suspension to avoid error. 
After appropriate application of the carbon and the chemi- 
cals, mix the samples for the period of time which is equiva- 
lent to plant operation. This equivalent time seem be 
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determined for each plant with a preliminary series of 
stirring-time tests (10-20-30-40-50-60 minutes), and the 
stirring time which gives a threshold odor reduction corte. 
sponding to the plant results is the time which should be 
used in the laboratory tests. 

When the settling period for the first treated sample jg 
completed, remove from the stirrer, decant and filter 
through the Buchner funnel prepared as directed (See 1-14 
to 1-16 under General Procedure of Phenol Adsorption 
Test). This same procedure should be followed ag the 
successive samples are removed from the stirrer, using a 
newly prepared filter each time, until all samples are 
ready for the Threshold Odor Test. 

When all the samples have been filtered, including the 
blank, determine the residual odors of the respective sam- 
ples by the method prescribed under A. (Determination 
of Threshold Odor Values of Water). 


4. Recording Results: 


See (4-1) and (4-2) in A. (Determination of Threshold Odor 
Values of Water, under 4. Recording Results). 

The results are plotted on double-logarithmic paper (Keuf- 
fel & Esser—No. 358-110—2 x 2 Cycles) to establish the 
relationship between the carbon dosage, amount of odor 
removed, and the amount of odor remaining for each 
sample of the above series. By plotting the total amount 
of odor removed per unit weight of carbon at each dosage 
as the ordinate and the corresponding amount of odor 
remaining (per cent of the original threshold value) as the 
abscissa a straight line plot is obtained if the experimental 
data are correct. Because of the slight experimental errors 
and the limited accuracy of the threshold odor procedure 
(not accurate beyond 0.5 unit in the low range, and 1.0 unit 
for higher values), the values will seldom fall exactly on 
such a line. In plotting of the line between points, the 
so-called method of “least squares’’ shall be used to estab- 
lish the correct position of the line. 

The extrapolation of the required dosage of carbon will be 
dependent upon the residual odor that is desired to reach. 
This will vary with different communities and will be de- 
pendent upon the tolerance value set by the laboratory 
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of eee? and the consumer acceptance. For most part, a Threshold 
the --- Value of 5 may be assumed as a “standard water,” which 
Te. under ordinary conditions would rarely, if ever, be detected 
be py the general run of the consumers. 

4-4 The extrapolated value corresponding to the desired 
Be threshold residual will be found equal to the amount of 
ter threshold odor units adsorbed per unit weight of carbon. 
i By dividing the total number of threshold units removed 
(Original Threshold Value—Residual Threshold Value) by 
he gitaats the extrapolated value obtained above, the required carbon 
i. dosage in parts per million is readily obtained, as shown 

sin the example plot following this page. 
he (. Comparative Threshold Odor Evaluation of Competitive Carbons 
“3 This test requires the same apparatus and reagents as used in the 
vs preceding test—B. (Determination of Carbon Dosage for Odor 


Control). The same care and precautions must be exercised in their 
preparation and use. 


" The test procedure is identical with the preceding test (See (3-1) 
to (3-6) under Procedure). The matters relating to the duplication 
4 of the individual plant conditions should be closely observed as 
prescribed. 
: It is recommended that raw water samples be prepared from 24- 
| hour composite samples (collected hourly) and that only two carbons 
; be compared at one operation. To insure accurate comparisons and 
d reduce fatigue to a minimum, it is suggested that only two carbon 


samples be evaluated per day. Where it is necessary to compare a 
series of more than two carbons, it is recommended that one of them 
be selected at random as a reference carbon to be run in parallel with 
each of the remaining carbons as a comparison. This scheme com- 
pensates for any fluctuations in the water during the testing period, 
since all carbons are referred to the same standard. Comparisons 
should not be made directly between the filtrates, but each filtrate 
should be diluted with odor-free water to the threshold point and 
compared with odor-free water blank as in the regular test. Failure 
to do this will completely defeat the purpose of this means of evalua- 
tion. The dosage required to reduce the threshold odor to a definite 
residual should be determined for both carbons each time. 

After a carbon is awarded the contract, the submitted bid sample 
then becomes the reference carbon in checking the uniformity of the 
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Illustration of Plotting and Reporting Results (Threshold Odor Value) 
Freundlich Adsorption Equation: (X/M) = KC!/* 


(X) = Total amount of odor adsorbed, Threshold Units. 
(M) = Amount of activated carbon used, p.p.m. Carbon. i oan 


(C) = Residual concentration of odor, Threshold Units, at dosage (M). 
Test No: 101-B Raw Water (Turbidity 15 p.p.m.) 
May 6, 1938 Alkalinity: 90.0 p.p.m. Caco, 

Carbon Samples: X-25 and X-26 pH Cone: 8.0. 
Observer: M.M.B. Original Threshold No. 100. 


Geren of Odor: Musty, swampy, and 
oily. 
Carbon (X-25) (Phenol Value: 20.0) Pushes (X-26) (Phenol Value: a 


150 od gig 15.0 12 58 
Threshold Odor (10) ‘Threshold Odor (10) 


Carbon Dosage: 12 Carbon Dosage: 19.1 i 


an sy pe (X-25): (X/M) at Threshold residual 10 equals 7.35 
= 7.35 


M = 12.1 p.p.m. Carbons to reduce odor 90%. (Threshold Value: 10) 
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successive purchases, by running each new shipment against this 
carbon standard on the water which the plant is at that time treating. 
This is an extremely important comparison, since shipments may be 
made at intervals of a month or more, and the character of the water 
with regard to both its quality and intensity of odor may be entirely 
different at these distant periods. 


A comparison of the efficiencies of a series of competitive carbons 


should be made on a ratio basis, with the reference sample taken as 
1.0. By including the respective costs of the carbons tested, an 
ultimate comparison based on the amount of odor removal per unit 
cost of the materials may be obtained. 


Notes on Threshold Odor Technic 


1. Considerable time may be saved if the odor-free dilution water is heated 


before starting preparation of dilutions. This is easily done by filling a 
glass-stoppered bottle with odor-free water, and placing it in a suitable 
water bath with enough water to cover about } of the bottle. An electric 
heater, as suggested under Method A (1. Apparatus—1-7), adjusted to 
heat the bath to 70°C. will suffice. Then when the dilutions are made, 
the water will have dropped in temperature to about 65°C. This will save 
about 3 to 4 minutes on each dilution, which when spread over a day’s work 
will be an appreciable amount of time. 

Temperature from 55° to 65°C. is the range that has been found to be 
satisfactory for use in these tests. The individual making the observations 
should use the temperature in this range found to be best suited to his 
comfort. 


. The test should be conducted in a room which is not subject to outside odors. 


The sense of smell is easily dulled or misled, every precaution should be 
taken to insure the best possible conditions in smelling samples. The ob- 
server's hands should be free from tobacco and soap odors. Odors from 
wooden bench tops may also interfere. 


. For reliable results in threshold determinations, all apparatus used must be 


cleansed very thoroughly, in fact, scrupulously. Flasks are best cleaned 
for this work, by (1) washing with pumice and a separate brush for this 
purpose, (2) rinsing with tap water, (3) rinsing with odor-free water, (4) 
adding approximately 50 ml. of odor-free water and boiling for not less than 
5 minutes, (5) allowing to cool, discarding the water used for boiling, and 
(6) rinsing with odor-free water before use in the test. When tests are 
completed, it is advisable immediately to rinse out all apparatus with hot 
odor-free water and then fill completely with same, if the apparatus is to 
stand over night. It is good practice to reserve definite pieces of apparatus 
for exclusive use in making this test. 

In order to prevent breakage, as well as possible burns, and to make the 
tests more accurate, the following hint should be given on the shaking 
of the flasks before inhaling the warm vapors. Hold stopper tightly in 
place and shake, Grasp top of flask with one hand and the neck of the flask 
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_ with the other, still holding the stopper in place, point the top of the flask 
away from the body, and release the stopper enough to allow the preggure 
developed by the shaking to be reduced. Then replace the stopper and 
_ shake again, remove stopper and inhale the warm vapors for test. It hag 
; a: been found that two or three vertical shakes are sufficient for the shaking 
_ ‘I period, and will permit other observers to make determinations for check 
on the same sample, in most cases. 
-_ 5. It has been demonstrated that it is desirable that the observer should 
: ‘ definitely recognize the characteristic odor of the water before calling any 
flask positive. The observer should be able to make the decision on two 
trials, the original and the second follow-up check test, without much 
hesitancy. Otherwise confusion may result. Prolonged smelling of an 
odor exhausts the power and perception to recognize it. Deep inhalations 
should be avoided; light sniffing, which directs the air currents toward the 
sensitive olfactory areas, will be found to be far more productive of accurate 
and reproducible results. 

Short periodic rest periods and the breathing of fresh air restores the 
power to recognize odors anew. This should be put into regular practice 
where a large amount of odor work is being done. All comfort should be 
provided for. If a large number of samples are to be tested, a lower tem- 
perature than is ordinarily employed should be used to prevent scalding 
of the sensitive membranes. 

The usual time required for routine determination of threshold odors on 
regular plant samples (raw water, settled water, and filtered water) is one 
to one and one-half hours. For comparison of competitive carbons 3 sam- 
ples of carbon have been evaluated in 6 hours under ideal conditions, in- 
cluding mixing, filtration and odor evaluation operations. 

The use of wide mouth flasks provides nose comfort not obtainable with 

nose pieces. Unless nose pieces are warmed, considerable cooling and 
condensation will occur inside of their surfaces, such that condensation 
and absorption of odors from the rising vapors is risked. It has also been 
noted that considerable difficulty can be experienced with wetting of the 
nostrils due to the cooling effect of these glass extensions. 
. A planned method promotes the production of comparable and reproducti- 
ble results. After some practice it will be found possible to make many 
short cuts to eliminate some of the suggested dilutions given below. The 
following scheme of dilutions is suggested as a guide when one is beginning 
to run Threshold Tests, and to assist in carrying out the determinations 
with a minimum of time. 

If, for example, 25 ml. of odor-bearing water diluted with 225 ml. of the 

dilution water gives a perceptible odor (odor value greater than threshold 

unit 10 is possible) use dilutions found under Table A. If no odor is 
noticed (meaning odor values less than 10 threshold units) proceed accord- 

ing to the dilutions given under Table B. 

1. The dilutions given in the first column (1) are used in order from top 

downward (i.e., first 25, then 13, then 6.3, etc.) until a dilution is found 
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~ 36 mi. (7) (a) 42 ml. (6) 
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ail 9, Then go to the lowest dilution giving a positive pow and | the dilution 
lib to the same line in column (2) is the next one to use. 
am 


_ If the dilution used from column (2) does not show any odor, use 
dilution (a) in column (3), and if a positive odor is found, use the 
a adjacent dilution (b) in the same column. 
4. The lowest dilution giving a perceptible odor is the Threshold Point. 
Pi 5.. The Threshold Value of the point found above is obtained by dividing 
250 by the ml. of the odor-bearing water used. 2 ss 
todd 
Dilutions to be used when 25 ml. of odor-bearing water do give a per- 
ceptible odor when observed by the Threshold Test (indicating Threshold 
Values greater than 10). Dilutions are given as the number of milliliters 
to be diluted to a total volume of 250 ml. The corresponding Threshold 
Numbers are given in the dilution figures. 


First Dilutions Second Silutions Third od 
td 25.0 ml. (10) 15.6 ml. (16) lot (a) 21.0 ml. (12)... 
{ani (b) 13.9 ml. (18) wad: 
ml. (20) 8.3 ml. (30) (a) 100ml. (25) | 
Ki od 3 

6.3 ml. (40) 4.2 ml. (60) (a) 5.0 ml. (50) oF “at a 
3.1 ml. (80) 2.0 mil. (125) (a) 2.5 ml. (100) 
hdd (b) 1.7 ml. (150) 

1.25 ml. (200) 0.63 ml. (400) (a) 0.8 ml. (300) 
(b) 0.5 ml. (500) 


TABLE B 


Dilutions to be used when 25 ml. of odor-bearing water do not give a 
perceptible odor when observed by the Threshold Test (indicating Thresh- 
old Values smaller. than 10). Dilutions are given as the number of milli- 
liters to be diluted to a total volume of 250 ml. The corresponding Thresh- 
old Numbers are given in parenthesis adjoining the dilution figures. 


100 ml. (2.5) 72 mi. (3.5) (a) mL. (3.0) 
(b) 68 mL. (4.0) 


See Illustration No. 2 under 4. Recording Results of Method A. 


7. While it is desired to work with the smallest intervening degree of dilutions 
that are capable of giving minimum detectable differences in odor intensity, 
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- the progression of these dilutions should be kept at a magnitude readily 
attainable with reasonable care and practice. The following range of dily. 

_ tion accuracy appears to be most rational in this stage of development: For 

_ Threshold Odor Values from 0 to 10 the results can be determined within g 
half-unit, from 10 to 25 within a whole unit, from 25 to 50 within 2.5 units, 

and from 50 to 75 within 5 units and so on. This range of working inere- 

_ ments has been found to give a relative degree of constancy in threshold 
determinations for various odors as well as for intensities of a given odor. 
Further refinement leads to unnecessary hair-splitting with no decided 
gain for the extra effort that has been spent. 

8. Precaution should be taken to prevent the material from coming in contact 

- with air more than is necessary until after it has been weighed and wetted 

_. in the preparation of the stock suspension. The sample will be used as 

- collected or submitted, and should not be dried or treated in any manner 
before being tested, in other words, the test shall be conducted on an “as 
received”’ basis, 

9. The plotting of the values corresponding to the carbon dosage and amount 
of odor removed (amount of Threshold Odor Units removed per unit weight 

of carbon), against the amount of odor remaining (per cent of original 

_ threshold odor value) on a double-logarithmic paper provides a rectilinear 

; relationship which is referred to as an adsorption isotherm, and is found to 
be governed by the often quoted Freundlich adsorption equation (X/M = 
KCv2)., 

" For use in connection with odor removal from water supplies, the respec- 

ved tive equation values are as follows: 

X = The total amount of odor adsorbed, expressed in Threshold 


Were 
Units. 
_ M = The amount of activated carbon used, expressed in parts per 
million. 


—_ C= The residual concentration of odor remaining in water at 
: : dosage M, expressed in Threshold Units. 
X/M = The total number of Threshold Units removed per p.p.m. of 


ll carbon at dosage M, corresponding to a particular value 

of C. 

to and n are the so-called constants of the equation, having abstract 

~HeogtT antibig: mathematical values, and are dependent upon the nature 
aosuail of material being adsorbed, the character of the water 


being treated, and the nature of the activated carbon. 


~ with 4 (hy If any one of these are changed, different values of K govern 
ton the equation. 


When C has unit value (1), K is equal to X/M, indicating the value where 
the plotted line intersects the ordinate (X/M plotting). While (n) is 4 
i positive figure, always greater than 1, and measures the slope of the plotted 

line. 
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AWARD OF CONTRACT, BASIS OF PAYMENT, PRICE 
ADJUSTMENT, AND REJECTION 


The contract will be awarded to the bidder whose bid sample shall 
have qualified under the general and specific requirements of either 
Option A or Option B stated herein, and shall show the lowest cost 
per unit efficiency. When Option B is selected, this value will be 
determined by means of the comparative threshold odor technic 
as provided for herein, and will be expressed as the lowest ratio 
obtained from the following calculations: 


ae P.p.m. of bid sample required to 
the Quoted price/lb. of any bid sample X | reduce the original odor of the 
’ water to a specified residual 
threshold odor value 

P.p.m. of the reference sample 
required to reduce the original 
odor of the water to the same 


Quoted price/Ib. of reference carbon X 


‘ats residual threshold value 
Examples 
ails Carbon Price/Ib. p.m.m., of Carbon Ratio alt 
A .03 5.0 ee 
0.05 X 3.0 jong end 
D 06 2.0 = 0.80 


anived Yak 

The shipment samples of the successful bidder will be checked 
against the original contract bid sample for relative phenol value 
and threshold odor value, as the case may be. 

The duration of the contract and the rate of delivery shall be 
stipulated for a definite period of time. 

All shipments shall be paid for on a net-weight dry basis. All 
computations of price adjustment shall be made on a dry basis. 

The consignee reserves the right to either reject or to penalize 
shipments which do not conform to the values stated in the con- 

signor’s ‘Proposal, basing the assessing of a penalty either on the 


, Note: Carbon A used as reference carbon. 
of Carbon D awarded contract. 
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phenol value of the activated carbon, or on its more direct adsorptive 
value as determined by the threshold odor test, where both items 
are involved. 

The premium-penalty adjustment scale will be based upon the 
assumption that a sample having a phenol or threshold odor valye 
twice the contract value is worth half the contract price (disregarding 
the added cost of handling the inferior material). A tolerance will 
be granted for error in determination, amounting to 10 per cent 
of the contract phenol value. Below and above this tolerangs, 
payment will be proportionately reduced or increased. wy 


The calculation of penalties shall be as follows: _ 


(1) For Phenol Value Basis: In the event that the pheno value 
stated by the contractor in his proposal is less than thirty (30), but 
the phenol value of the activated carbon furnished is found by test 
to be more than the value stated by the Contractor in his proposal, 
but is found to be no more than thirty (30), multiply the contract 
price by the phenol value stated in the Contractor’s proposal, divide 
the result by the phenol value of the material received, calculated to 
the dry basis. This result is the evaluated bid price and is the price 
the Consignee will actually pay the Contractor. 

In the event that the phenol value stated by the Contractor in 
his proposal is thirty (30), or less, but the phenol value of the 
activated carbon furnished is found by test to be more than thirty 
(30), multiply the contract price by the phenol value stated in the 
Contractor’s proposal, divide the result by one and one-half (1}) 
times the phenol value of the material received calculated to the dry 
basis. This result is the evaluated bid price and is the price the 
Consignee will actually pay to the Contractor. 

Any shipment having a phenol value such that the ratio of the 
phenol value stated in the Contractor’s proposal to the phenol value 
of the sample of the shipment under consideration is seventy-five 
(75) per cent, or less, may be rejected. 

An average of duplicate tests made by the Consignee on the sample 
of the shipment under consideration which have been checked within 
plus or minus ten (+10) per cent shall be considered by the Consignee 
as being the phenol value of the shipment under consideration. 

(2) Threshold Odor Value Basis: The dosage required by the 
sample of the shipment under consideration to produce the specified 


threshold odor residual will be checked against the dosage required 
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by the Contractor’s bid sample. This comparison will be made 
under simulated plant conditions as provided for herein. The tests 
shall have been made on the same sample of water. 

Should the ratio of the required dosage of the sample of the ship- 
ment under consideration to the required dosage of the Contractor’s 
bid sample fall below ninety (90) per cent the consignee will assess a 
penalty according to the following procedure: Multiply the contract 
price by the required dosage of the bid sample, and divide the result 
by the dosage required of the sample of the shipment under considera- 
tion. This result is the evaluated bid price, as determined by the 
threshold odor test, and is the price the Consignee will actually pay 
the Contractor for the shipment under consideration. 

In the event that the odor removal power of a shipment, sample is 
less than seventy-five (75) per cent of the contract bid sample, the 
shipment under consideration may be rejected. 

In the event that tests indicate that a penalty assessment can be 
made either on the phenol value or on the threshold odor value basis, 
the consignee reserves the right to assess the higher penalty of the 
two, as the case may be, but at no time will the Consignee be per- 
mitted to assess penalties on both bases on any one shipment. ' 

An alternate basis of purchase and payment of carbon may be made 
by allowing the bidder to state the quality and price of the material 
to be offered, and in the event it falls below standard, the damages 
are liquidated in the form of a penalty in accordance with the contract 
terms. By allowing the bidder to set his own standard he enters into 
an agreement on a penalty basis and no bonus is allowed. 

The system of plus or minus is suggested in the final price settle- 
ment. That is, for a premium to cancel a penalty. The premium 
need apply only so far as there are penalties to counteract, as the 
contract price is all a manufacturer should look for in the above 
agreement, this eliminates the dangerous possibility of a low bid with 
the idea in mind of making enough in bonuses during shipment to 
offset the low contract price. 

Any shipment whose moisture content is sufficiently high so as to 
interfere with the operation of the feeders, or the flow of carbon in 
the storage hoppers, may be rejected. 

Rejected Shipments: The rejected low grade material shall be 
removed by the contractor at his expense, with the cost of unloading 
the material from and reloading it into the car to be deductable from 
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the amount payable to the Contractor under the terms of the con. 
tract. Two rejected shipments shall be sufficient grounds for cap. 

-cellation of contract. 

Ps - Delayed Delivery: The Contractor shall agree to make prompt 
_ delivery as the Consignee requires during the period of his contract, 
Failure of the Contractor to deliver the material as specified unlegg 

_ due to failure of transportation facilities, shall give the Consignee 
the right to procure carbon elsewhere and if the cost of the carbon is 

greater than the amount specified in the contract, the Contractor 
shall reimburse the consignee for the difference in cost. Due allow- 
‘ance and exceptions shall be made to contingencies of transportation 
and labor troubles, or unavoidable accidents and delays beyond 
control construed as “Acts of God.” 

_ All prices are to be F.O.B. Water Purification Works or designated 
railroad siding. 

For further details see specimen current specifications of various 
cities in the appendix of this monograph, and the separate monograph 
on “Weighing and Inspection of Shipment, Sampling, Retesting and 
Rejection, Marking and Labeling, Bonus and Reduction, Changes 
and Modifications for Specifications and Methods of Analysis for 
Water Purification Chemicals,’ prepared by the A. W. W. A. Com- 
mittee on Specifications and Tests for Water Purification Chemicals. 
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SPECIMEN CURRENT SPECIFICATIONS 
pt SPECIFICATIONS FOR POWDERED ACTIVATED CARBON 
ct. 3 ATLANTA WATER WORKS—ATLANTA, GA. 
> The following questions shall be answered and submitted with 
" each bid on Powdered Activated Carbon. No bid will be considered 
7 unless these questions are completely answered. 
- The powdered activated carbon that we propose to furnish the City of 
7 Atlanta, Georgia, for water purification purposes, will meet the follow- 
ing specifications: 
id shud. Moisture Content (1) Run-of-mill (b) Dry basis. | 
Iodine Value to 
4, Fineness (dry sieve test only) 
- j (a) Passing 200 mesh sieve (b) Passing 300 mesh sieve. 
h 4 5. Weight per cubic foot (a) Packed (b) Loose. 
d «6, The pH reaction in distilled water. 
° 7, We agree that the Threshold Evaluation of Odors is an 
7 a integral part in the proper control of carbon application in 
¥ 2 Water Purification. (Yes) or (No). 
. 8. The net weight will be marked on each container. 
_ 9. We will furnish dustless containers. Describe container. 
_ 10. Our container has a Bates Valve or equal. (Yes) or (No). 
11. We guarantee uniformity in all shipments delivered under 
hs the contract. 
_ 12. We will furnish a sworn notary public analysis with each car 


of carbon delivered. 
. Delivery will be made in days after receipt of order. 
14. Submitted herewith is a one pound sample of powdered 
activated carbon representative of our proposed average Z 


— 
wn 


15. Trade name of carbon offered. = = 


Location of manufacturing plant. 
17. Name of firm bidding. 

The City of Atlanta reserve the right to accept or reject any or 
all bids and to award the contract to the best interest of the City, all 
technicalities waived. 

Deliveries to be made F.O.B. Atlanta Water Works, Hemphill 
Pumping Station, Southern Railway, Atlanta, Georgia, in such 
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quantities and at such times as the City of Atlanta through its 
proper officials, may direct. 
All ingredients used in the manufacture of this carbon must be 


products of the United States. AGE 
\ SPECIFICATIONS FOR ACTIVATED CARBON 

her 
CHARLOTTE, N. C. 


The Activated Carbon will be of a type and quality suitable for 
use in water supplies, with the property of completely removing the 
objectional tastes and odors caused by any organic or inorganic taste 
producing bodies encountered in either raw or treated water sup- 
plies. Such material will be designated as water purification grade 
of activated carbon and will be supplied in powdered form. 

The material shall be packed in dust-tight containers so that it 
can be handled in shipment without loss or excessive dusting.’ The 
contents of the container shall be not less than thirty-five (35) nor 
more than one- -hundred fifty (150) pounds net weight when packed. 

fi Hq 

Moisture: The moisture content of the carbon shall not exceed 5% 
by weight at the time of packing. 

Suspendibility: The powdered material shall be of such fineness and 
weight that particles will remain in suspension for the longest 
possible time. 

Fineness: The powdered material shall be of such fineness that not 
less than ninety-five per cent (95%) will pass a 100 mesh sieve 

and not less than ninety per cent (90%) will pass a 200 mesh sieve 
as tested by the wet screen test. 

Activity: The bidder shall state in his bid the activity of the product 

on which the bid is submitted as measured indirectly on the basis 

of its ability to remove phenol from water by absorption, namely 


c= 4 the phenol value; also the activity of the material as measured 
directly by the ‘‘Threshold Odor Test” or “Odor Concentration 


Test.” Phenol values being equal, preference will be given to 

the material showing the greatest ability to remove odors. 

_ $hipments will be subjected to inspection before acceptance 

and shall be rejected if a lot sample has a phenol value, or odor 
removal power, of less than seventy-five per cent (75%) of the 

_ values set forth in the bidders proposal. 

Quantity: 24,000 Lbs. Estimated 12 months supply. 


Price: ‘FOB. Charlotte, North Carolina. 
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SPECIFICA i FOR POWDERED ACTI VA TED CA RBONS 
FOR CLEVELAND, OHIO 


Proposal. Proposal to the Director of Public Utilities of the City 
of Cleveland, Ohio, for furnishing and delivering Powdered Activated 
Carbon for the Department of Public Utilities, Division of Water 
and Heat, in the City of Cleveland, Ohio. 

The undersigned, as bidder, declares that the only parties interested 
in this proposal, as principals, are named herein; that this proposal 
is made without collusion with any other person, firm or corporation; 
that no member of the Council, officer or agent of the City is directly 
or indirectly financially interested in this bid; that he has carefully 
examined the annexed instructions to bidders, proposal, form of 
contract and specifications therein referred to; he further proposes 
and agrees that if his proposal be accepted, he will contract with the 
City of Cleveland, in accordance with the form of contract, bond 
and specifications annexed, to furnish Powdered Activated Carbon, 
as specified, for the following prices per ton, to-wit: 

Item 1. Each ton (2,000 Ibs.), exclusive of moisture, of Powdered 
Activated Carbon, furnished and delivered in Cleveland, Ohio, at 
the points designated herein, for the sum of Dollars 
Cents ($—_). 

Note: The price named is to be full compensation for furnishing 
and delivering Powdered Activated Carbon, as provided in the 
contract and specifications. 

Bidder’s Statements Made Regarding the Quality of His Activated 
Carbon. Each bidder shall be required to submit the following infor- 

mation regarding the quality of the activated carbon he would furnish 
on this contract provided he received the award of the contract, and 
also such other information as is indicated (to be filled in below): 


Per cent passing 100-mesh 
Per cent passing 200-mesh 
_ Per cent passing 325-mesh screen................... 
_ Per cent carbon content-dry ion add 
_ Percent moisture when packed-not more than..... odt vd 

Weight per cubic 


Phenol value (whole basis) and exclusive of moisture 
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Net weight of containers in which activated carbon will 
Trade name of activated carbon.................... 
No. of calendar days required to deliver two (2) car- 


loads of activated carbon ordered on the same day... . 


Bidder’s Statements Made Regarding the Quality of His Activated 
Carbon Shall Constitute a Guarantee. It is the intention of these 
specifications that each bidder’s statements made in his bid regarding 
the quality of the material he offers shall constitute a guarantee to 
the City that the material will at all times be of such quality, provided 
he receives the award of the contract. (Seg 
boom 


Work to Be Done. The work to be done under these specifications 
consists of furnishing and delivering Powdered Activated Carbon, 
F.O.B. in railroad box cars on the railroad tracks beside the chemical 
house of the Division Ave. Filtration Plant, Erie R. R. and F.O.B. 
in railroad box cars on the railroad tracks beside the alum house of 
the Baldwin Filtration Plant, N. Y. C. R. R., in Cleveland, Ohio, 
as may be designated in shipping instructions, in u°cordance with 
the following specifications. 

Quantity. The Contractor shall furnish not more than one hun- 
dred (100) tons nor less than thirty (30) tons of two thousand (2,000) 
pounds each, exclusive of moisture, of Powdered Activated Carbon, 
under these specifications. 

Duration of Contract. It shall be understood by the bidder whose 
proposal has been accepted by the Board of Control, and a Contract 
for the same has been authorized, that the time for the beginning 
of said contract shall be within three (3) days after the signing 
thereof by the Director of Public Utilities, and shall continue in 
force until one hundred (100) tons of Powdered Activated Carbon 
shall have been delivered by the Contractor to the City, provided 
the said one hundred (100) tons of material shall have been ordered 
by the City within one (1) year from the date that the contract 
begins. The City guarantees to take not less than thirty (30) tons 
of Powdered Activated Carbon as a minimum quantity within one 
(1) year from date that the contract begins. 

Rate of Delivery: Powdered Activated Carbon is to be delivered 
promptly from time to time as required, upon call of the Engineer. 
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petpaned with distilled water, havi ing a concentration of 100 parts 
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Delivery of the total quantity under this contract shall be completed 
within one year from the performance date thereof. 

Definition: For the purpose of these specifications carbonized 
material which has been especially prepared to give it a highly adsorp- 
tive capacity shall be known as activated carbon. The activated 
carbon shall be of a type and quality suitable for use in the treatment 
of public water supplies, having the property of removing organic or 
inorganic substances which produce or tend to produce, directly or 
indirectly, objectionable tastes and odors in either raw or treated 
water supplies. Such activated carbon shall be designed as a water- 
purification grade of activated carbon and shall be supplied in pow- 
dered form. 

Representative Lists: Bidders shall submit bids only on materials 
which have proven satisfactory for use, as herein designated, over 
a sufficient period of time to thoroughly furnish proof for their 
consideration. Bidders shall furnish a representative list of at least 
five (5) of the water purification plants in which their activated car- 
bons have been used, or are being used at the time they submit their 
bids, and the actual length of time they have been used, for the pur- 
pose herein designated. 

Bid Samples: Bidders shall furnish samples with their bids. The 
samples shall be in the original containers of the material as it is to 
be shipped. 

Quality: Representative samples will be taken from each one of 
the original bid sample packages in duplicates of not less than one (1) 
pound each, one of which will be sent to the Contractor who receives 
the award within a five (5) working day period following the date of 
award of contract, and the other will be retained by the City, and 
both of which shall have been taken from the Contractor’s bid 
sample package. All bid samples must meet the following re- 
quirements: 

Moisture: The moisture content of the activated carbon when 
received shall not exceed eight per cent (8%) by weight. 

Phenol Value: The activated carbon shall have a phenol value not 
exceeding 30. A test tolerance of plus or minus ten per cent (+10%) 
will be allowed. 

The standard phenol test shall consist of the determination of 
the amount of activated carbon, expressed in parts per million and 
calculated to the dry basis, required to reduce a phenol solution 
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A nating objectionable tastes and odors from Lake Erie water. 
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a : per billion (0.100 p.p.m.) of phenol, (CsH;OH), to 10 parts per 


_ billion (0.010 p.p.m. of phenol, CeHsOH), or a total reduction of 
ninety per cent (90%), when maintained in a constant state of gus. 


oe pension for one hour under constant stirring conditions of not less 


- than 100 r.p.m. and not more than 300 r.p.m., at a temperature 


a vj between 20° and 25°C. The numerical value of the concentration of 
the activated carbon required shall be known as the phenol value, 


Threshold Odor Value: The activated carbon to be purchased by 
the City of Cleveland is to be used for the specific purpose of elimi- 
There- 

fore, the contract will be awarded on the basis of evaluations made 
on the bid samples by means of the threshold odor test, provided 
_ bid samples shall have first qualified according to the moisture and 
_ phenol value requirements given above. The basis for final evalua- 


tions shall be arrived at according to the following procedure: 


A fresh sample of Lake Erie raw water shall be obtained which 
shall have passed through one or the other of the City’s two intake 


tunnels, and which shall have a threshold odor value of not less than 


fifteen (15). If at the time of taking bids the threshold odor value 


of Lake Erie raw water is found to be less than fifteen (15), the 


~ threshold odor value of the sample of it taken will be increased to at 
least fifteen (15) by means of the addition of odor concentrates 
prepared from distillates of this same sample of Lake Erie raw water. 
The amount of each activated carbon sample, expressed in parts 
per million and calculated to the dry basis, required to reduce the 


feof threshold odor value of the sample of Lake Erie raw water taken, 


_ fifty per cent (50%) and ninety per cent (90%), when maintained in 
a constant state of suspension for one hour under constant stirring 
conditions of not less than 100 r.p.m. and no more than 300 r.p.m., 

at a temperature between 20° and 25°C., will be determined. 

Award of Contract: The contract will be awarded to the bidder 
whose bid sample indicates the lowest cost per million gallons of 

_ water treated, based on the average of the parts per million required 

to reduce the threshold odor value of Lake Erie raw water fifty per 
cent (50%) and ninety per cent (90%). 

Methods of Testing Activated Carbon Samples, Preparation of Odor 
Concentrates, Plotting, Results, etc.: The methods which will be used 
by the City, and which must be used by the Referee’s laboratory, for 
testing both the bid samples and the shipment samples will be those 
recommended by the Sub-Committee on Specifications and Tests for 
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Powdered Aetivatesd Carbons of the American Water Works Associa- 
tion made in its 1988 report to said Association, and which include 
the determination of the per cent moisture, the determination of the 
phenol value, threshold odor value testing, filtering, preparation 
of odor concentrates, plotting and reporting results, etc. Diazotized 
Sulfanilic Acid shall be used as the indicator in making the phenol 
value test. 

Rejection of Bids: The City reserves the right to reject any or all 
bids. Failure of any activated carbon sample submitted with a bid 
to meet the conditions stated under “Quality,” as specified herein, 
or as stated in the respective bidders guarantee, will be sufficient 
grounds for rejection of the bid, and failure of any bidder to meet 
any of the requirements designated herein will be sufficient grounds 
for rejection of his bid. 

Packing and Shipping: The activated carbon shall be packed in 
suitable containers to minimize loss of material, excessive dusting, 
and increase of moisture content, and of such size and shape as to 
facilitate handling. Multiple wall paper bag containers of the Bates 
type, or equal, will be acceptable. The contents of each container 
shall not be less than thirty-five (35) nor more than fifty (50) pounds 
net weight, dry or wet basis, when packed. Each package shall 
specify the net weight of the activated carbon contained therein 
on the dry basis, and shall have marked thereon the trade name under 
which the material is sold and also the name of the Contractor. The 
Contractor receiving the award will be required to ship bags contain- 
ing the same net weight of activated carbon designated in his bid, 
and will not be permitted to change the weight except with the 
consent of the Engineer. 

The material shall be shipped in tight railroad box cars in lots of 
not less than thirty thousand (30,000) pounds. The openings of the 
car doors shall be protected to prevent breaking of containers in 
transit. Broken or damaged containers will be rejected. 

The City reserves the right to take shipments in truck load lots, 
provided this manner of making delivery is agreed upon by the 
Contractor. 

Inspection, Weighing and Sampling of Shipments, Checking Tests 
with Contractor: Since the activated carbon may absorb moisture in 

storage or in shipment, it will be inspected, weighed and sampled 
promptly upon its arrival at the point of delivery. 

The Engineer will see that all delivered material is properly packed 
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and marked, so as to be readily identified, in the type and size } 
specified in this contract. + 

The collected composite gross sample shall be a fair average of 
the entire shipment. At least five per cent (5%) of the bags in the 
shipment shall be sampled, and in no case will less than five (5 
bags be selected for sampling. 

In order to obtain representative samples, a sampling tube, o 
“thief,” will be used which takes a core not less than 4 inch in dlaaie 
ter. The tube shall be so inserted into a bag that it will take a com 
of the material being sampled from substantially the entire length 
of the package. The gross sample thus taken from the individual 
bags shall weigh at least ten (10) pounds and shall be thoroughly 
mixed and quartered as expeditiously as possible, and triplicate 
i. samples of at least one pound (1-lb) each shall be taken from the 
material so drawn and prepared. The samples will be immediately 
placed in air-tight glass containers. nile 
_ One sample will be immediately delivered to the City’s laboratory 
for immediate testing, another sample shall be delivered to the 
Contractor if requested, within five (5) working days from the date 
P| of sampling; the third sample will be retained and preserved with 
ui its seal unbroken by the laboratory having prepared the sample, 
until such a time as the material may have been accepted or rejected, 
or a Referee test called for. 

: Written notice of dissatisfaction with any shipment of activated 
-_ earbon based on these specifications must be in the hands of the Con- 
tractor within ten (10) working days after receipt of the shipment 
- at the point of destination, and cause for rejection or complaint shall 


If the Contractor desires a retest, he shall notify the City within 
ten (10) working days after receipt of the notice of complaint. The 
third sample, together with a sufficient amount of the Contractor's 
bid sample for test purposes, will then be forwarded unopened for 
retest to a Referee’s laboratory agreed upon by both parties, and the 
results of this Referee’s tests shall be accepted as final and shall be 
binding on both contracting parties. The party in error shall be 
that one whose results differ to the greatest extent from those of the 
Referee’s laboratory. In case the Referee’s results fall exactly 
between those of the Contractor and those of the City, the City’s 


= 
= 
= 
: 
“ 
The expense of the retest and the expense ol forwarding all samples 


; 

you. 30, NO. 7] ACTIVATED CARBONS 1203 


to the Referee’s laboratory, including activated carbon and Lake 
Brie raw water, will in all cases be borne by the party in error. 

The expense of forwarding all samples to the Contractor, including 
activated carbon and Lake Erie raw water, will in all cases be borne 
by the Contractor. 

The Contractor must first have made his tests on the sample of 
the activated carbon shipment under consideration, the results of 
which he has submitted to the City, before he can demand a retest 
in a Referee’s laboratory. 

The retest work in the Referee’s laboratory must be completed 
and the results thereof must be submitted to the City within ten (10) 
working days of the time the Contractor demanded a retest. All 
threshold odor value testing on shipment samples must be made on 
Lake Erie raw water which has passed through one or the other of the 
City’s two intake tunnels, and according to the methods designated 
herein. The Engineer, or his representative, will take all Lake Erie 
raw water samples, and the City will forward them to the Contractor, 
or to the Referee, as the case may be. The size of the Lake Erie 
raw water sample taken shall be ample for testing purposes but 
shall not exceed five (5) gallons. Samples of Lake Erie raw water 
shall be freshly taken and shall have a threshold odor value of not 
less than fifteen (15). If the threshold odor value of the sample of 
Lake Erie raw water taken is less than fifteen (15) its threshold odor 
value will be increased to at least fifteen (15) by means of the addi- 
tion of odor concentrates prepared from distillates of the sample of 
Lake Erie raw water taken. 

The containers holding the activated carbon test samples shall be 
plainly labeled giving the following data: Date of receipt of shipment, 
contract number, name of shipper, trade name of activated carbon, 
point of delivery, railroad car initial and number, weight of shipment, 
name of sampler, remarks. 

In Case of Dispute as to Weight of Shipment: Enough of the empty 
bags will be weighed to get an average of their weight, and the esti- 
mated weight of these containers will be deducted from the total 
weight of the shipment as weighed by the City, or as obtained from 
railroad weights, in order to obtain the weight of the shipment of 
activated carbon received. Mt 

Basis of Payment: All shipments of activated carbon shall be paid 
for on a net weight dry basis. i 
A reduction of the contract price per ton as liquidated damages 
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oe be made by the City on shipments of Activated Carbon found 
by the tests made by the City to have a lower adsorptive value than 
_ the Contractor’s bid sample, as determined by the threshold odor 
test. The tests and calculations will be made as follows; 
A fresh sample of Lake Erie raw water will be obtained which 
a shall have passed through one or the other of the City’s two.intake 
tunnels, and which shall have a threshold odor value of not less than 
fifteen (15), If at the time the City receives a shipment of acti. 
vated carbon from the Contractor the threshold odor value of Lake 
Erie raw water is found to be less than fifteen (15), the threshold 
odor value of the sample of it taken will be increased to at least fif. 
. teen (15) by means of the addition of odor concentrates prepared 
from distillates of this same sample of Lake Erie raw water. 
. The amount of the sample of the Contractor’s activated carbon 
shipment under consideration and the amount of the Contractor's 
bid sample, both expressed in parts per million and calculated to the 
dry basis, required to reduce the threshold odor value of the sample 
of Lake Erie raw water taken, fifty per cent (50%) and ninety per 
cent (90%), when maintained in a constant state of suspension for 
one hour, under constant stirring conditions of not less than 100 r.p.m, 
and no more than 300 r.p.m., at a temperature between 20° and 25°C, 
__-will be determined and compared. 
. If the average of the parts per million of the sample of the Con- 
tractor’s shipment under consideration required to reduce the thresh- 
old odor value fifty per cent (50%) and ninety per cent (90%) is found 
to be greater than the average of the parts per million of the Contrac- 
 tor’s bid sample required to reduce the threshold odor value these 
same percentages, multiply the contract price per ton by the average 
parts per million of the bid sample required, and divide the produet 
_ by the average parts per million of the sample of the shipment under 
- consideration required. This result is the evaluated bid price per 
ton in the case of activated carbon found to have a lower adsorptive 
value than the Contractor’s bid sample as determined by the thresh- 
7 old odor test, and is the price per ton the City will actually pay the 
FS a Contractor for the shipment of activated carbon under consideration, 
___ A tolerance of plus or minus five per cent (-+5%) will be allowed 
- in the quantity of activated carbon required. Parts per million of 
- aetivated carbon required will be calculated to the nearest figure in 
the first decimal place, per cent ratios to the nearest one-tenth of one 
per cent, and evaluated bid prices per ton to the nearest one cent 
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ACTIVATED CARBONS 
($0.01). In all cases the significant figure in the decimal place men- 
tioned will be increased by one when the figure following it is five, 
or greater; and it will remain the same when the figure following it 
is zero, or less then five. 

Rejection of Shipments. The City reserves the right to reject 
shipments which are found by tests made by the City to be of an 
inferior quality than that which was guaranteed by the Contractor 
in his bid. 

Any shipment whose moisture content when received exceeds 
eight per cent (87%) by weight, may be rejected. 

Any shipment whose phenol value exceeds thirty (30) may be 
rejected. 

In the event that the ratio of the average parts per million of the 
bid sample required to reduce the threshold odor value of a sample 
of Lake Erie raw water which has passed through one or the other 
of the City’s two intake tunnels fifty per cent (50%) and ninety per 
cent (90%), to the average parts per million of a Sample of the 
Shipment under consideration required to reduce the threshold 
odor value of this same sample of Lake Erie raw water these same 
percentages, is found to be seventy-five per cent (75%) or more, the 
shipment will be subject to rejection. 

If the Contractor fails to abide by any of the stipulations as stated 
in these specifications, the shipment of Activated Carbon under 
consideration will be subject to rejection. 

The rejected material shall be removed by the Contractor at his 
expense, with the cost of unloading the material from and reloading 
it into the railroad car, or truck, as the case may be, to be deductible 
from the amount payable to the Contractor under the terms of this 
contract. 

When Director May Purchase Powdered Activated Carbon or Annul 
Contract: If, in the opinion of the Director, the Contractor fails to 
supply Powdered Activated Carbon in such quantity and of such 
quality and within the time period as heretofore stipulated, the 
Director, with the approval of the Board of Control, shall have the 
right to annul the contract and to purchase powdered activated 
carbon in such quantities as may be needed, at the market rates in 
the open market, and to collect the increase in cost to the City, if 
there be any, from the Contractor. The said Contractor shall not 
be entitled to any claim for damages on account of such annulment, 
nor shall such annulment affect the right of the City to recover 
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damages which may arise from such failure on the part of the Cop. 
tractor to fulfill the terms of his contract. 


“SPECIFICATIONS FOR POWDERED ACTIVATED CARBO¥ 


OT at 
. DALLAS, TEXAS 

Quantity and Price: Bids are asked for —— pound cars of powdered 
activated carbon to be delivered as required. Price shall be quoted 
f.o.b. Dallas, Texas, Bachman Purification Plant, and on the dry 
basis. 

Trade Name: The bidders shall state the trade name under which 
the material is offered. | . 

Shipment: Shipment shall be made in dust-tight paper bag con- | 
tainers, such that it can be handled and stored without dusting logs, 
The contents of the container shall not exceed fifty (50) pounds, 
Containers will specify the net weight of carbon contained on the 
dry basis. 

Sample for Analysis: The bidder shall submit with formal bid a 
one (1) pound sample with a guarantee that said sample shall be 
representative of the shipment which may be made. A certified 
analysis shall accompany sample, giving fineness, apparent density, 
moisture content, and phenol adsorption value. The above items 
of analysis indicated shall be checked on submitted sample by Dallas 
Water Purification Plant laboratory before the successful bidder is 
awarded contract. Failure of any carbon sample submitted to meet 
| : any one of the following requirements shall be sufficient grounds 

_ for rejection of bid. 


Required Phenol Adsorption Capacity: Twenty (20) p.p.m. of the 
carbon when calculated to a dry basis shall reduce the phenol in a 
solution which contains 0.1 p.p.m. of phenol to .01 p.p.m. when 
tested for residual phenol according to procedure given by A. W. W. A. 
Carbon Evaluation Committee Report 1937. The phenol test shall 
be run in accordance with the Baylis modification of the Gibbs 
method. 
Required Odor Reducing Capacity: The activity of carbons submit- 
ted for evaluation shall be measured directly by the “Odor Concen- 
tration” test in terms of its ability to remove odor. Samples of 
carbon submitted for purchase, the phenol values of which are satis- 
factory, will also be compared as to their ability to remove odor from 
our raw water. The threshold test shall be run in accent with 
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the method se by the Committee of the A. W: W. A. on 
Carbon Evaluation. Preference will be given to that material which 
shows the greatest ability to remove odors. 

Fineness: The carbon shall be of such fineness as 100% shall pass 
100 mesh sieve and 98% shall pass a 200 mesh sieve as tested by the 
wet screen method. 

Moisture: The moisture content of the carbon at time of packing 
shall not exceed eight (8%) per cent by weight. 

Density: The carbon shall be in powdered form and of such char- 
acteristics that it will readily wet down and go into suspension. It 
must not settle rapidly yet must not have a tendency to float on the 
surface of the water to which it is applied. 

Weighing: Bags will be weighed upon receipt of material, and suffi- 
cient empty bags will be weighed to obtain an average weight per bag 
to calculate net weight of material. Samples will be taken from con- 
tainers at time of weighing, at least one (1%) per cent of containers 
being sampled. 

Check on Shipment: Representative samples will be taken by pur- 
chaser from the delivered shipment for a composite sample. This 
composite sample shall be divided into three portions, one for the 
consignee for immediate testing, one for the consignor if requested 
within five days of date of sampling; the third sample shall be retained 
with seal unbroken by the laboratory having prepared the samples 
until such a time as the material has been accepted or rejected. 

Method of Analysis: Methods of analysis shall be methods as 
given by A. W. W. A. Carbon Evaluation Committee Report (1937). 

Price Adjustment: The vendor shall agree to an adjustment of 
price proportionate-to the phenol value if the carload lot fall below 
that of the value designated in the contract. The adjustment scale 
will be based upon the assumption that a sample having a phenol 
value twice the contract value is worth half the contract price (dis- 
regarding added cost of handling the inferior material). A tolerance 

will be granted for error in determination amounting to 10% of the 
contract phenol value. After allowance of this tolerance payment 
will be proportionately reduced. 


SPECIFICATIONS FOR POWDERED ACTIVATED CARBON — 


DETROIT, MICHIGAN 


Definition: For purpose of these specifications, activated carbon is 
a carbonized material which has been treated in some way to give it 
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_ coal has very little adsorptive capacity and shall not. be considered 
- to be an activated carbon. 

Trade Name: The bidder shall state the trade name and grade of 

- material that is offered. 

Shipment: Shipment shall be in dust tight bags such that it cap 

_ be handled and storaged without dust hazard or loss. The contents 

of the bags shall not exceed fifty (50) pounds. 

Fineness: The carbon is to be applied to the water in the powdered 
form and shall be of such fineness that no less than 99% shall pass q 
100 mesh sieve, and no less than 95% shall pass a 200 mesh sieve, 

= as tested by the wet screen test. 
Density: The density of the carbon shall not exceed 325 grams per 
liter, as determined by the tapping test. 

Adsorptive Capacity: Phenol Requirement: The phenol value ig 
, understood to mean the number of parts per million of carbon (whole 
P basis) in suspension which is required to reduce the phenol content of 

a water solution from 0.1 p.p.m. to 0.01 p.p.m. A minimum phenol 
value of 20 p.p.m. is desired under this contract. Each bid shall 
-_ inelude a certified guarantee signed by the bidder stating the phenol 
value of the carbon (whole basis) to be supplied. 

Penalty: When tested in the Laboratory of the Department of 
Water Supply by current approved methods, any carbon which 

_ shows.a phenol value of more than 20 p.p.m. will be accepted only 
onthe basis of a five per cent (5%) of reduction in price for each part 

per million which its phenol value is found to exceed that figure. 
_ A ten per cent (10%) tolerance in the phenol requirements will be 
allowed. A test for phenol adsorption capacity will be made on 

7 carbon as received and not on a dry basis, in accordance with the 
tentative method proposed by Sub- Sommitéee on Activated Carbon 
on the A. W. W. A., which is generally known as the Kershaw Modi- 
fication of the Fox and Gauge Method. 
_ Bidder must also guarantee that the carbon will still have a phenol 
value of 20 or less, with the same tolerances, after being properly 
stored in our plant for a period of 120 days. 
Suspendability and Dispersion: In the selection of activated carbon 
" under this contract, its comparative suspendability and dispersive 
qualities will be given due consideration. 
i Weighing and Sampling: Bags will be weighed upon receipt of 
ee material and sufficient empty bags will be weighed to obtain an 
average weight per bag to calculate net weight of material. Samples 


= 
2 


e 


you. 30, NO. 7] le ACTIVATED CARBONS a 1209 

will be taken from containers at time of weighing, at least ten per 

cent (10%) of containers being sampled. The samples shall be thor- 

oughly mixed and two quarter pound samples put in tightly closed 

containers, to be used for testing. One sample shall be kept for 

possible re-test. 

Test Samples: The bidder shall furnish samples at time of bidding. 
These samples shall be original containers of the material as it is to 
be shipped and the bidder shall guarantee that these samples shall 
be representative of the shipment of carbon which they will furnish, 
providing they receive the award. 

Quantity: 36,000 pounds (10% more or less). 

Delivery: Delivery to be made at Water Works Park or Springwells 
Filtration plants as required. vedios 

Approximate amount to be fifty per cent ateach plant. = 

Identical Bids: In case there are identical prices in the lowest bid, 
award of the contract will be made after evaluating the carbon as 

TENTATIVE SPECIFICATIONS FOR ACTIVATED CARBON 
HACKENSACK WATER COMPANY 


NEW MILFORD, N. J. att 


Definition: Activated Carbon: Specially prepared carbonized 
material having a high adsorptive capacity, of type and quality 
suitable for use in water treatment. 

Trade Name: The bidder shall state the trade name and grade of 
material that is offered. Bidders are to submit bids only on mate- 
rials that have proven satisfactory for use as above designated over 
a sufficient period of time to thoroughly furnish proof for their con- 
sideration. The bidder shall submit a one pound (1 lb.) sample 
with a guarantee that said sample shall be representative of the ship- 
ments which may be made. In order that a direct comparison may 
be made, it is to be further stipulated that a formal certified state- 
ment shall accompany the sample, giving the complete analysis of 
the same to show the phenol adsorption capacity; carbon, moisture, 
and ash content; apparent density, fineness, and pH of water extract. 
The above items of analysis indicated shall be checked on submitted 
sample by the Hackensack Water Company laboratory before the 
successful bidder is awarded the contract. Failure of any carbon 
sample submitted to meet any one of the requirements: within 10% 
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of the figures submitted in the certificate will be sufficient ground; 
for rejection of bid. 

: Packing and Shipping: The material shall be shipped in double 

_ paper bags of the Bates type or equal; or in paper lined cloth o 
burlap bags; or in any other container that will be equally effective 

in preventing dusting. Each package shall contain no less than 35 

nor more than 50 Ibs. net, when packed. 

Weighing, Inspection, and Sampling: As the carbon may absorb 

_ moisture in shipment, it will be weighed and subject to inspection 

_ and sampling promptly upon its arrival at the point of delivery, 

. The collected composite gross sample shall be a fair average of the 
entire shipment. Individual packages and containers shall be 
selected at random from various parts of the shipment. At least 
five per cent (5%) of the packages or containers in shipment shall be 
so sampled, and in no case shall less than five (5) packages or 
containers be selected for sampling. Samples shall not be taken 

_ from damaged or broken packages or containers. 

To obtain truly representative samples, a sampling tube, or “thief,” 

_ shall be used which takes a core not less than 3 in. in diameter. The 

_ tube shall be so inserted into the packages that it will take a core of 

_ the material being sampled from substantially the entire length of 
the package. 

Material thus taken from the individual packages shall be thor- 

- oughly mixed and quartered, and triplicate samples of one-half pound 

_ (3 lb.) each shall be taken from the material so drawn and prepared. 

_ The samples shall be immediately preserved in air-tight, moisture- 


proof, containers. 
One. sample shall be tested in the laboratory of the Hackensack 

_ Water Company and the other sample shall be delivered to the con- 
a r signor, if requested, within five (5) days from the date of sampling; 
the third sample shall be retained and preserved with the seal un- 
broken, until such a time as the material has been accepted or 

_ rejected, or a referee test called for. 

-_. Notice of dissatisfaction with any shipment of carbon, based on 
| failure to pass the specifications prescribed, will be in the hands of 
_ the consignor within ten (10) working days after receipt of the ship- 
ment at the point of destination, and cause for rejection will be stated. 
Tf the consignor desires a retest, he shall notify the consignee 
- within five (5) working days after receipt of the notice of complaint. 
‘The third sample of the material shall then be forwarded unopened 
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for a retest to a aie laboratory agreed upon by both hiitie and 
the results of this referee test shall be accepted as final and shall be 
binding on both contracting parties. The expense of the retest shall 
be borne by the party in error. 

The collected gross samples shall be plainly labeled giving the 
following data: Date, Purchase Order No., Name of Carbon, Point 
of Delivery, Name of shipper, Manner of Shipment (car initial and 
number—railroad), Weight of shipment, Remarks, and Name of 
Sampler or Inspector. 

Enough of the empty packages or containers will be weighed to 
get an average of their weight, and the estimated weight of the con- 
tainers will be deducted from the total weight of the shipment to 
obtain the weight of the carbon received. ‘The shipment of carbon 
may then be computed to dry basis. 

Requirements: Moisture: The moisture content of the carbon at 
the time of packing shall not exceed eight per cent (8%) by weight. 

Density: The density of the carbon shall not exceed 500 grams per 
liter as determined in test described hereafter. 

Fineness: The powdered material shall be of such fineness that no 
less than ninety-nine per cent (99%) shall pass a 100-mesh sieve and 
no less than ninety-five per cent (95%) shall pass a 200-mesh sieve 
as tested by the wet screen test. 

Activity of the carbon: The activity of the carbon shall be such 
that 18 p.p.m. of carbon shall remove 90% of phenol from a concen- 
tration 100 p.p.b. phenol when maintained in a constant suspension 
for 1 hr. at a temperature of 20-25°C. The determination to be made 

according to the recommended methods of the specification Com- 
mittee of the A. W. W. A. using either the Gibbs-Baylis or the Fox- 
SPECIFICATIONS FOR ACTIVATED CARBON 
FOR WATER PURIFICATION AT HAMMOND, INDIANA 


The activated carbon to be furnished under these specifications is 
to be used for the purification of water at the Hammond Water 
Filtration Plant. This material is to be used in conjunction with 
dry chemical feed machines commonly used in Water Works practice. 
The feed machines after being duly charged, feed the dry chemicals 
into solution tanks from which the chemical solution is fed into the 
water to be treated. 

Sampling and Testing: The composition of the chemical will be 


vod 
4 
3 
ble — 
= 
Ctive 
35 
sorb 
tion 
the 
be 
or 
f,” 
of 
of — 
nd 
d. 
| 
ag 
4 
a 
SE 


a determined by analyzing samples taken promptly upon the arrival 

of the material at the Hammond Water Filtration Plant. 

_ The samples shall be so taken as far as is practicable so that they 

will represent an average of all parts of the shipment from top to 
Tes bottom and shall not contain a disproportionate share of the top and 

bottom layers. All samples taken shall weigh at least ten (10) pounds 

_ and shall be crushed if necessary and mixed thoroughly, and “quay. 
tered” to provide two samples of one pound each, one of which wil] 


be used for the immediate testing at the laboraturios of the Hammond 
- ‘4 Water Department and the other of which shall be kept carefully 
7 a sealed for use in a possible retest as provided hereinafter. 
At least five (5) per cent of the number of containers shipped will 
a be sampled. They will be taken from various parts of the shipment, 
dumped, mixed and sampled as above stated. 
When sampling Activated Carbon, the sampling operations yill 
be conducted as expeditiously as possible in order to avoid undue 
exposure of these materials to the air. After samples of the material 
have been taken they will be divided as stated above and immediately 
= rs _ placed in air-tight containers. One sample will then be tested by the 
a. laboratories of the Hammond Water Department and the other 
stored carefully sealed for a possible retest as provided hereinafter. 
__ Retesting: Written notice of a dissatisfaction with a shipmentof 
any of the material based on these specifications, will be placed in 
the hands of the contractor not later than ten (10) days after the 
receipt of the shipment at the Hammond Water Filtration Plant. 
If the contractor desires a retest he shall notify the Engineer within 
five (5) days of the receipt of notice of the complaint. The remainder 
of the sample used by the Hammond Water Department for test 
_ purposes and the sample stored for use in the case of a retest will 
then be forwarded to a laboratory agreed upon by the Engineer and 
the Contractor and a new test made, the results of which will be ae- 


_. The expense a the retest and the expense of forwarding of all 
samples to the laboratory for retest will in all cases be borne by the 
contractor. 
Adsorption Efficiency of Activated Carbon: The adsorption efficiency 
_of the carbon will be based upon its phenol adsorption. The phenol 
value which shall be stated by the bidder in his proposal, is the parts 
per million of the carbon required to reduce phenol in solution for 
one tenth (0.1) to one hundredth (.01) parts per million. The water 
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used for testing will be distilled water, buffered with 75.0 p.p.m. of 
sodium bicarbonate and free from all substances which might inter- 
fere with the test. The time of stirring after addition of the carbon 
shall be two (2) hours and the agitation shall be sufficient to impart 
a velocity to the water of approximately one foot per second. The 
velocity of the tip and of the agitator blades shall not be greater 
than one and two tenths (1.2) nor less than eight tenths (0.8) feet 
persecond. At the end of the two hour stirring period enough of the 
solution shall be filtered through paper and tested for residual phenol 
by the Baylis-Gullans modification of the Gibbs method or other 
proven methods equally accurate. 

In testing for residual phenol by the Baylis-Gullans modification 
of the Gibbs Method, the procedure shall be as stated in Chapter 8 
from page 203 to the end of the second paragraph on page 211 in the 
First Edition of the “Elimination of Taste and Odor in Water’ by 
John R. Baylis; published by the McGraw-Hill Book Co., New York 
City; provided, however, that the following deviations from the above 
stated procedure be followed: 

1. All water used in making the test shall be distilled water. 

_ 2. The distilled water used in preparing the standard shall be 
buffered with 75 p.p.m. of sodium bicarbonate and ag 
treated with 10 p.p.m. of aluminum sulphate and then filtered | 
i and redistilled in a Maharg Ammonia Still to which one c.c. “ 

of 10 per cent phosphoric acid has been added. 
ar, All comparison tubes used in making the test shall be stand- 
ard 100 ml. A.P.H.A. tubes which measure 300 m.m. (plus 
or minus 5 m.m.) to the 100 ml. mark from the bottom of the 
tube. 
4, Inall cases the recovery of phenol by distillation shall be used. 

Penalties: The bidder is required to state the phenol value de- 
scribed above of the carbon he is offering in his bid so that selection _ 
of all materials offered can be made by the Board of Trustees from 
the standpoint most advantageous to the City of Hammond as to the 
price and quality of the materials offered. It is the intention of — 
specifications that the bidders’ statements made in the proposal — 
regarding the quality of the material offered, shall constitute a __ 
guarantee to the Board of Trustees that the taoheuthal will at all times _ 
be of such quality; therefore, in the event that any bidder after 
award of contract, furnishes any of the material which, upon test and 
retest as described above, is found to be of a lower quality than — : - 
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offered in his proposal, the Board of Trustees will either reject the 
material or penalize the bidder by a reduction made in his unit big 
price per pound. No bonus is offered under these specifications 
if the bidder actually furnishes a better quality of material than that 
indicated in his proposal as the bidder in all cases is not meeting g 
definite standard but is being allowed to set his own standard, 

In the event that the phenol value of the carbon furnished is found 
by test to be more than the value stated by the contractor in his pro. 
posal, the material will either be rejected or the contractor will be 


penalized as follows: ee” 
(Precise terms to be inserted when contract is made.) 


Phenol value of carbon delivered found by test and retest to be 
greater than phenol value stated in the bid. 

Multiply the contract price by the phenol value stated by the 
contractor’s proposal. Divide the result by the phenol value of the 
material as received without drying the sample. This result is the 
evaluated bid price in the case of carbon found to have a greater 
phenol value than was bid and is the price that will actually be paid 
to the contractor by the Board of Trustees for each and every pound 
of such material furnished by the contractor. 

Packing and Shipment: The activated carbon to be furnished shall 
be shipped in dust proof, sewn, paper bags of uniform weight. 


is SPECIFICATIONS FOR ACTIVATED CARBON 
FOR THE CITY OF HIGHLAND PARK MICHIGAN 


Definition: For the purpose of these specifications activated carbon 
is a carbonized material which has been treated in some way to give 
it a highly adsorptive capacity for foreign molecules. Ordinary 
charcoal has very little adsorption capacity and shall not be con- 
sidered to be an activated carbon. The word ‘“‘carbon”’ as used here- 
after in these specifications shall be construed to mean an activated 
carbon. 

Use: The activated carbon is to be used for the purpose of removing 
tastes and odors which are, or may be, present in the water supply of 
the City of Highland Park, Michigan. 

Trade Name and Grade: The bidder shall state the trade name and 
grade of material that is offered. Bidders are to submit bids only 
; on materials that have proven satisfactory for use, as herein desig 
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nated, over a sufficient period of time to thoroughly furnish proof for 
their consideration. 

Test samples and Certified Statement: The bidder shall furnish 
samples at time of bidding. These samples shall be original con- 
tainers of the material as it is to be shipped and the bidder shall 
guarantee that these samples shall be representative of the shipment 
of carbon which they will furnish, providing they receive the award. 

In order that a direct comparison may be made, a formal certified 
statement shall accompany the sample, giving the complete analysis 
of the same to show the phenol adsorption capacity (whole basis), 
carbon, moisture, and ash content; apparent density, fineness, and 
pH of water extract. 

Any, or all, of the above items of analysis indicated shall be checked 
on the submitted sample by the water works laboratory before the 
successful bidder is awarded the contract. Failure of any carbon 
sample submitted to meet the phenol value requirements within 10% 
of the figure submitted in the certificate will be sufficient grounds for 
rejection. Test samples and certified statement shall be directed 
to the Chemist in Charge, Filter Plant, 1973 East Davison Avenue, 
Detroit, Michigan. 

Packing and Shipment: In order to minimize the dusting and fire 
hazard, this material shall be packed in cartons containing two 
sewed paper bags. The net contents of the bags shall not exceed 
fifty (50) pounds. The material sball be delivered in tight. box 
cars in minimum carload lots of thirty thousand (30,000) pounds 
(10% more or less). The opening of the car doors shall be protected 
to prevent breaking of the containers in transit. 

Delivery: All bids are to be F.0.B. Detroit, Detroit nee me 
road Delivery, Highland Park Incinerator Siding. 


Moisture: The moisture content of the carbon at the time of pack- 
ing shall not exceed eight per cent (8%) by weight. 

Density: The carbon shall be in the powdered form and of such 
characteristics that it will readily wet down and go into suspension. 
It must not settle rapidly; yet must not have a tendency to float on 
the surface of the water to which it is applied. The density of the 
carbon shall not exceed 325 grams per liter. 

Fineness: The powdered material shall be of such fineness that no 
no less than 99% shall pass a 100 mesh sieve, and no less than 95% 
shall pass a 200 mesh sieve, as tested by the wet screen test. i ie 


Requirements: 
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= Activity of the Carbon: (1) The activity of the carbon shall be 
; i measured indirectly on the basis of its ability to remove phenol from 
water by adsorption, under standard conditions of test. (2) The 
phenol test shall constitute the determination of the amount of ear. 
7 " bon, expressed in parts per million (whole basis), to reduce the phenol 
in solution with distilled water at a concentration of 100 parts per 
_ “ billion (0.100 p.p.m.) CsH;OH, to 10 parts per billion (0.010 p.p.m) 
_ C.H,;OH, or a total reduction of ninety per cent (90%), when main- 
tained in a constant state of suspension for one hour under constant 
stirring conditions of not less than 100 r.p.m. and no more than 
300 r.p.m. at a temperature between 20°C. and 25°C. The numerical 
value of the concentration of the carbon required shall be known as 
el the phenol value. A phenol value of 20 p.p.m. or less is desired under 
as - this contract. A test for the phenol adsorption capacity will be made 
on carbon as received, and not on the dry basis. The diazotized 
: _ Sulphanilic acid method of test will be used. The bidder must 
- guarantee that the carbon will still have a phenol value of 20 or less 
i, after being properly stored in our warehouse for a period of 120 days, 
_ Suspendability, Dispersion, and Threshold Odor Control Tests: In 
the selection of activated carbon under this contract, its comparative 
suspendability, dispersive, and threshold odor control numerical 
value qualities will be given due consideration. 
_ Identical Bids: In case there are identical prices in the lowest bid, 
award of the contract will be made after evaluating the carbon as 
ie in these specifications. 
__ Bidding Bond: A certified check or bidding bond in the sum of not 
less than five per cent (5%) of the amount of the proposal will be 
required with each proposal. 


ACTIVATED CARBON SPECIFICATIONS 


INDIANAPOLIS WATER COMPANY 


Tender is requested for 6—30000* cars of powdered: Seawall 
carbon (plus or minus 2 cars) to be delivered to the Market St. Yards 
of the Indianapolis Water Co, during the calendar year of 1937. 

The methods of packing and sampling; determination of moisture, 
finess, suspendability and activity, and basis for payment are set 
forth hereinafter. 

The determination of activity of the carbon will be made according 
to the Fox & Gauge method as modified in the laboratory of this 


Company. 
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The specifications follows 
1. Definition: bodong 


For the purpose of these specifications this carbonized material 
shall be known as activated carbon which has been specially prepared 
to give it a highly adsorptive capacity. Ordinary charcoal having 
little adsorptive capacity is not to be classified as “Activated 
Carbon.” The activated carbon will be of a type and quality suit- 
able for use in the treatment of water supplies, with the property of 
completely removing the objectionable tastes and odors caused by 
any organic and inorganic taste-producing bodies encountered in 
either raw or treated water supplies. Such material will be desig- 
nated as a water purification grade of activated carbon and will be 
supplied in powdered form. lo nen? ih 
2. Trade Name: 10 add to 

The bidder will state the trade name and grade of material 
that is offered. Bidders are to submit bids only on material that 
have proven satisfactory for use as above designated over a suf- 
ficient period of time to furnish proof thoroughly for their con- 
sideration. The bidder shall submit a five pound (5 lb.) sample 
with a guarantee that said sample will be representative of the ship- 
ments which may be made. In order that a direct comparison may 
be made, it is to be further stipulated that a formal certified state- 
ment (see guarantee form attached to these specifications) will accom- 
pany the sample, giving the phenol adsorption capacity of the same. 
It may also state the carbon, moisture, and ash content; fineness, 
suspendability and pH of water extract. The above items of analysis 
indicated will be checked on submitted sample by the laboratory 
before the bidder is awarded the contract. Failure of any carbon 
sample submitted to meet any one of the requirements within 90% 
of the figures submitted in the certificate will be sufficient grounds 
for rejection of bid. of 
3. Packing and Shipping: 4 

In order to minimize dusting and fire hazard, this material will be 
packed and shipped in dust-tight containers such that it can be 
handled in shipment without loss or excessive dusting. The accept- 
able containers will include, multiple wall paper bags of the Bates 
type or equal, paper lined cloth or burlap bags, cardboard cartons, 
paper lined barrels, paper drums with sealed covers, or tightly closed 
metal drums, or any other containers that will be equally effective in 
preventing dusting. The contents of the container shall not be less 
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than thirty-five (35) nor more than one hundred and fifty (150) 
pounds net weight, when packed. The material shall be delivered 
in tight box cars and in not less than minimum (30,000) lbs. carload 
lots as directed by the Purchasing Agent, or other authorized person, 
The openings of the car doors shall be protected to prevent breakin 
of the containers in transit. ov 
4. Weighing, Inspection, and Sampling; 

As carbon may absorb moisture in shipment, it will be weighed and 
subject to inspection and sampling promptly upon its arrival at the 
point of delivery. 

The collected composite gross sample will be a fair average of the 
entire shipment. Individual packages and containers will be selected 
at random from various parts of the shipment. At least five per cent 
_ (5%) of the packages or containers in the shipment will be so sampled, 
Samples will not be taken from damaged or broken packages or 
containers. 

To obtain truly representative samples a “thief” will be used which 
takes a core not less than } in. in diameter. The tube will be so 
_ inserted into the packages that it will take a core of the material 
being sampled from substantially the entire length of the package. 
Material thus taken from the individual packages will be thoroughly 
_ mixed and quartered, and triplicate samples of one-half pound (3 lb.) 
each will be taken from the material so drawn and prepared. The 
samples will be immediately preserved in air-tight, moisture-proof 
containers. 

One sample will be immediately delivered to the laboratory of the 
consignee for immediate testing, one sample will be delivered to the 
consignor, if requested, within five (5) days from the date of sampling; 
the third sample will be retained and preserved with seal unbroken, 
until such a time as the material has been accepted or rejected, ora 
| 4 referee test called for. 

7 Unless otherwise specified, notice of dissatisfaction with any ship- 
ment of the material, based on failure to pass the specifications pre- 
scribed, will be mailed to the consignor with ten (10) working days 
after receipt of the shipment at the point of destination and cause for 
rejection will be stated. 

If the consignor desires a retest, he shall notify the consignee within 


third sample of the material shall then be forwarded unopened for 
a retest to a referee laboratory agreed upon by both parties, and the 
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results of this referee test shall be accepted as final and shall be bind- 
ing on both contracting parties. The expense of the retest shall be 
borne by the party in error. 

The collected gross samples shall be plainly labelled giving the 
following data: Date, Purchase Order No., Name of Carbon, Point 
of Delivery, Name of Shipper, Manner of Shipment (car initial and 
number—railroad), weight of shipment, Remarks, and Name of 
Sampler or Inspector. 

Enough of the empty packages or containers will be weighed to 


get an average of their weight, and the estimated weight of the con- 
tainers will be deducted from the total weight of the shipment to 


may then be computed to dry basis. silt yon 


5, Requirements: 

5.1 Moisture: The moisture content of the carbon at the time 
of packing shall not exceed five per cent (5%) by weight. 

5.2 Fineness: The powdered material shall be of such fineness 
that no less than ninety-five per cent (95%) will pass a 100 mesh 
sieve and no less than ninety per cent (90%) will pass a 200 mesh sieve 
as tested by the wet screen test. 

5.3 Suspendability: The powdered material shall be of such fine- 
ness and weight that particles will remain in suspension for the 
longest possible time. Suspendability will be rated in terms of the 
per cent of the weight of material added to and mixed in distilled 
water which remains in suspension at the end of two hours. The 
material having greatest suspendability will be given preference. 

5.4 Activity of the carbon: 

5.4-1 Phenol Removal Test: The activity of a carbon shall 
be measured indirectly on the basis of its ability to 
remove phenol from water by adsorption, under 
standard conditions of test. The standard phenol 
test shall constitute the determination of the amount 
carbon as received, expressed in parts per million 
and calculated to dry basis, required to reduce the 
ss phenol in solution in distilled water at a concentra- 
tion of 100 parts per billion CsHs0H to 10 parts 
per billion C,H;OH, or a total reduction of ninety 


stab cent (90%) when maintained in a constant 
Medd state of suspension for one hour under stirring condi- 


tions of not less than 100 r.p.m. and not more 
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than 200 r.p.m., at a temperature between 20° anq 
on) 25°C. ~The numerical value of the concentration of 

i _ the carbon required shall be known as the phenol 
but i number or phenol value. 

5.4-2 Threshold Odor Test: The activity of a carbon ghajj 
pe measured directly by the “Odor Concentration” 
test in terms of its ability to remove odor. Samples 
wT, _of carbon submitted for purchase, the phenol values 
which are satisfactory, will also be compared as 
to their ability to remove odor from water. Phenol 
values being equal or approximately equal in samples 

ander consideration, preference will be given to the 
material the ability of which to remove odors is 


_ Material may be rejected if a car lot sample has a phenol value 
i. less than 75% of the phenol value designated in the contract. It 
may also be rejected if the odor removal power of the car lot sample 
is less than 75% of the value found in the bid sample. 

ns The vendor shall agree to an adjustment of price proportionate 
af to the phenol value if the carload lot falls below that of the bid sample 


The meen scale will be ese upon the assumption that a 
sample having a phenol value twice the contract value is worth half 
the contract price (disregarding added cost of handling the inferior 
A tolerance will be granted for error in determination, 
pin amounting to 10% of the contract phenol value. Below and above 
aes _ this tolerance, payment will be proportionately reduced or increased. 
7. Award of Contract: 

The contract will be awarded to the vendor whose bid sample 
shows (1) the most efficient odor removal, (2) the lowest unit cost of 
_ phenol removal, (3) the greatest suspendability, and (4) the least 
moisture. The Chemical Engineer of the Company shall be the 
- judge of the relative weight to be given the various factors above 


fisted. 


8. Terms: 
4 - - payment, the beginning of such discount period shall be the date of 


If the vendor’s offer is a stated price subject to discount for prompt 
_ delivery of the carbon by the railroad to the Company’s sw itch and 
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6. Rejection of shipment: 
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shall further be automatically redated as of the date of the referee’s 
report if proper notice of rejection of the shipment has been made. 
All prices are to be F.O.B. Indianapolis Water Company’s rail- 


road siding. 


POWDERED ACTIVATED CARBON SPECIFICATIONS _ 
CITY OF SAGINAW, MICHIGAN 

Activated carbon is a carbonized material in which part of the 
surface atoms of the carbon are left in a condition which will adsorb 
certain other compounds. It is formed when carbonaceous sub- 
stances are first carbonized in closed vessels and then given a special 
heat treatment so as to leave the surface atoms in a condition in 
which they will adsorb such substances as tend to unite with carbon. 
Ordinary charcoal has very little adsorption capacity and is not classi- 
AY 

Shipping, Weighing and Sampling _ 

Shipping: The material shall be shipped in Bates Valve Bags, 
paper-lined bags, cardboard cartons, paper-lined barrels, or in tightly 
closed metal containers. The container shall be such that it can be 
handled in shipment without loss or excessive dusting. The material 
shall be delivered at a uniform rate in tight box cars and in not less 
than minimum carload lots as shall be directed by the City Purchas- 
ing Officer. The openings at the car doors shall be protected to 
prevent breaking of the containers in transit. 

Weighing: As the carbon may absorb moisture in shipment, it 
will be weighed upon receipt of the material at approximately the 
same time as it is sampled. Enough of the empty containers will be 
weighed to get an average of their weight, and the estimated weight 
of the containers will be deducted from the total weight. 

Sampling: At least 5 per cent of the barrels, bags or other contain- 
ers will be samples for testing immediately upon receipt of the mate- 
rial. Approximately the same size sample will be withdrawn from 
each container. These samples will then be placed in a large con- 
tainer, thoroughly mixed and two portions of approximately one- 
quarter pound each of the mixed sample will be withdrawn and put 
in tightly closed containers to be used for testing. One of these 
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samples will be returned to the manufacturer, if requested, and the 
other will be used to determine the adsorption capacity of the 
material, Precaution will be taken to prevent the material from 
coming in contact with the air more than is necessary until after jt 
has been weighed for adding to the solutions containing phenol, The 
sample will be used as collected and will not be dried or treated jp 
any manner before being tested. It may be found desirable to weigh 
out a fairly large amount of the material and make into a suspension 
for applying measured portions of the suspension to the samples 
of water, instead of weighing the small amounts required for each 
portion of solution. 


Requirements 


Fineness: The carbon is to be applied into the water in the powdered 
form and it must be of such fineness that it will not settle rapidly, 
At least 75 per cent of the material shall pass a 200 mesh sieve and 
~ at least 95 per cent shall pass a 100 mesh sieve. 

Screen Test: The wet screen test shall be used for determining the 
percentage of carbon retained on the screens. Weigh accurately 
about 10 grams of the carbon and place in a tarred vessel such as a 

platinum dish. Place in a drying oven at 140°C. for 2 hours, cool 
d in a desiccator, then again weigh the sample accurately and as rapidly 
‘ as possible to prevent moisture adsorption. This determines the 
loss by drying, which has no special significance except to give a 
= of the moisture content of the carbon. Place the weighed dry 
- sample into a beaker and add about 600 to 700 cc. of water, wet the 
screen carbon thoroughly. Stack the screens with the 100-mesh 
screen on top, then wet the screens thoroughly, slowly pour the 
mixture of carbon and water onto the screen, taking care not to plug 
3 at the screens. It is well to mix the carbon and water once or twice 
. ae each minute while pouring. Wash all the carbon from the beaker. 
2 at After all of the carbon has been washed onto the screens, wash with 
a small stream of water until it is believed that no carbon continues 
- to pass through the screens. Separate the screens and place the 
; 100-mesh screen over a large white porcelain dish and collect in this 
i the water passing the screen. If additional carbon continues 


to pass, it can readily be seen on the white surface. Wash the carbon 
i: the 100-mesh sieve, which is collected in the porcelain dish 
onto the 200-mesh sieve. Wash the carbon on the 200-mesh sieve 
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seve until practically no carbon is observed in the water collected 
in a porcelain dish. 

By means of a stream of water from a small hose, transfer the 
carbon remaining on each screen into separate beakers. Transfer 
the carbon in each beaker into separate tarred Gooch crucibles fitted 
with an asbestos mat. Dry the crucibles and carbon in an oven at 
140°C. Cool them in a desiccator and weigh them. The weighing 
must be done rapidly to prevent as much moisture absorption as 
possible. The net weight of the carbon in each Gooch crucible 
times 100, divided by the dry weight of the original sample, gives 
the per cent of carbon of each size. The amount of carbon retained 
on the 200-mesh sieve plus the amount retained on the 100-mesh sieve 
gives the total that would have been retained on the 200-mesh sieve. 

Adsorption Capacity: The purpose of the carbon is to remove ob- 
jectionable tastes and odors from water by a process known as adsorp- 
tion. It has been found that the phenol adsorption capacity gives 
a very good indication of the suitability of the material for removing 
these taste and odor producing compounds, and the carbon will be 
paid for on the basis of its phenol adsorption. 

Phenol Adsorption Requirement: Thirty parts per million of the 
carbon shall reduce the phenol in a solution which contains 0.10 parts 
per million of phenol to 0.01 part per million when stirred for two 
hours. A material in which the 30 parts per million added to the 
water just produces this reduction is regarded as having the specified 
adsorption capacity. If a greater amount of the carbon is required, 
it is below the specified strength. It is desired to have material 
of high adsorption capacity and it will be penalized for falling below 
the requirements. The penalty which will be deducted will be at 
the rate of 3 per cent for each part per million required above the 
30 parts. To illustrate: If it requires 45 parts per million of the 
material to produce the specified phenol reduction, this is 15 parts 
more than the requirement. 15 X 3 gives 45 per cent. If the bid 
price is 5 cents per pound, the 45 per cent penalty will make a price 
of 2.75 cents per pound to be paid for the carbon. 

Phenol Adsorption Test: Add 0.10 part per million of pure phenol 
to each of at least 6 samples of water. The water should be clear 
filtered water or distilled water which is free from phenol and chlorine. 
A two-liter sample is a convenient amount to use, but a larger or 
smaller sample may be used if desired. No carbon is added to the 


first on though it should be stirred and carried through the same 
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procedure as those containing carbon. To the other samples adq 
varying amounts of the carbon, beginning with 10 parts per million 
of carbon and increasing 10 parts per million for each succesggiye 
sample until 50 parts per million of carbon is added to the last sample, 
Immediately after adding the carbon, start stirring the solution and 
continue for two hours. The agitation produced by the stirrers 
should be sufficient to keep the material fairly uniformly distributed 
throughout the water. 
After two hours stirring, a eaeeitiialn of each solution required for 
testing is filtered through paper to remove the carbon and this 
portion is then tested for residual phenol either by the Baylis modi- 
_ fication of the Gibbs method which is described in the May, 1928 
issue of the Journal of the American Water Works Association, pages 
596 to 604, or by some other accurate phenol test. If 50 parts per 
_ million of the carbon does not reduce the phenol below 0.01 part per 
million, larger amounts of carbon shall be used. 
Plot the points on cross section paper with one ordinate in parts 
per million of carbon and the other ordinate in parts per million of 
phenol remaining in solution. A curve is then drawn so that it 
will pass approximately through the points. It should be a regular 
~ curve and not broken at each point. The parts per million of carbon 
are then obtained from the point where the curve crosses the line of 
. 4 0.01 parts per million of phenol remaining in solution, 
The temperature of the water used for making the phenol adsorp- 
tion tests shall be between 20° and 25°C, 
; The bidder shall state the approximate phenol adsorption of the 
activated carbon which he offers. This statement shall be merely 
a a for the information of the City, to know whether the carbon has a 
_ high or low adsorption capacity. 
The phenol adsorption tests upon which the price of the carbon 
__ will be adjusted under these specifications will be made upon samples 
submitted by the Saginaw Water Works to Mr. John R. Baylis of 
Chicago, Illinois. If Mr. Baylis is unable to make these tests, some 
other chemist suitable to both parties under this proposed contract 
_ will be designated. A signed copy of such tests will be sent to the 
Contactor If, however, in the opinion of the Director of Publie 
_ Works, it is decided that the phenol adsorption tests above specified 
shall be deemed unnecessary, the Contractor will be paid the price 
bid for carbon. 
_ The bidder shall state in his proposal the manufacturer and ship- 
- point of the material. 
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‘Carbon, “Specifications and Tests for Powdered Carbons. 


COMPARISON OF TESTS FOR ACTIVATED CARBONS* | 


By W. A. HELBIG > 

The task of preparing specifications for activated carbon suitable 
for the removal of tastes and odors from water is a formidable one, 
because it is a material with properties entirely different from those 
of other treatment chemicals with which the water-works industry 
is familiar. To prepare such specifications in a manner satisfactory 
to both the user and the manufacturer, has required an enormous a- 
mount of careful work by the Sub-Committee on Activated Carbons. 

Of the two methods which are now available for measuring the 
primary property of activated carbons, viz., their capacity for re- 
moving tastes and odors from water, one, the phenol test, is an in- 
direct method, and the other, the threshold odor test, is a direct one. 

Extensive work has been done on the phenol test, to ascertain and 
correct sources of error, and to establish the magnitude of reasonable 
experimental error, now accepted as +10 per cent. 

Work on the threshold odor test has now reached a point at which 
similar reliance is possible on that procedure as a method of evalua- 
ting adsorptive capacities of carbons. 

Demonstration of this reliability is based upon demonstration that 
in adsorbing odors from water, carbons follow the fundamental 


which for the purposes of this discussion is more ciple ; 
expressed in its logarithmic form. In this equation X is amount 


log = log K + * log 


of impurity removed, M is the carbon dosage which effected the 
removal, and C is amount of impurity remaining after treatment 


* Presented by W. A. Helbig (Asst. Eng., Darco Corporation, New York) 
at the Annual Convention of the American Water Works Association at New 
Orleans, as a discussion of the report of the Sub-Committee on Activated 
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of the impurity of the carbon. 
This equation plots as a straight line on logarithmic paper whey 


i (impurity removed per unit weight of carbon) is plotted againg 


¢. Therefore, if laboratory data when so plotted fall consistently 
on a straight line, it is evident that the Freundlich adsorption equa. 
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tion governs the data. The straight line plot is known as the ad- 
= isotherm. 

Through the courtesy and co-operation of Mr. Fred Abbenseth 
of Mamaroneck, New York, Mr. Earl Benedict of Hobart, Oklahoma, 
Mr. L. C. Billings of Dallas, Texas, and Mr. Paul Weir of Atlanta, 

Georgia, the writer’s organization has been able to obtain data of 
. this nature. Figures 1, 2, 3, and 4 show the data plotted for tests 
a 5 on the water at Mamaroneck, Hobart, Dallas, and Atlanta re 
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spectively. “The straight line nature of these plots is unmistakable, 
and the closeness with which the points fall to the line in every ease, 
indicates clearly that the experimental error to be expected in the 
threshold odor test procedure is surprisingly small. As measured 
by deviation of points from the line, the error is rarely over 5 per 
ent. 
It must not be inferred, however, that this small experimental 
error applies only to an observer of long experience and skill in find- 
ing the threshold point. It was interesting to note that where col- 
laborators had had little or no previous experience with the test, 
ability to check experienced observers developed within an hour or 
two of trial. The explanation of this probably lies in several of the - 
elements of the procedure. The threshold point is determined on __ 
samples having a very low level of odor intensity, so that fatigue of 3 
the odor sense is practically eliminated. Sensitivity of perception 
is aided by heating the test samples to 65 or 70°C. Last, but not 
least, uncertainty of judgment is minimized because the observer is 
required to decide only on presence or absence of odor in the samples. , 
The observer does not have to estimate intensity of odor, which is 
measured for him by the dilution used. ; 

The equivalent stirring time given for each group of tests is the 
laboratory stirring time which gives the same odor reduction as is 
obtained under plant operating conditions, when the same carbon — 
dosage is used in both cases. This equivalent stirring time neces- __ 
sarily varies from plant to plant, because of differences in effective- _ 
ness of mixing of carbon with water, settling basin detention times, 
and other factors of plant design and operation. = 

Equivalent stirring time curves for the four groups of tests are — 
shown in figures 5 to 8. These curves represent data obtained by 
treating in the laboratory for the stirring times indicated, and with 7 
the carbon dosage being applied on that day, a series of samples of _ 
water from the plant, taken at a point just prior to carbon applica- — Ne 
tion. At the end of each respective stirring time, the corresponding 
sample was taken off the stirring machine, the carbon was removed | 7 
by filtration, and the threshold odor value of the filtrate was de- iy 
termined. These values were plotted against stirring time as shown. — 

The threshold odor value of the water at the point in the plant at 
which the action of carbon was considered to have been completed, — 
was also determined. The laboratory stirring time, as read from . 
the curve, required to reach this same residual is the equivalent 
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stirring time which was used in the subsequent laboratory tests for 
obtaining the adsorption isotherms. 

These equivalent stirring time curves serve a second and very 
yseful purpose. They indicate the fraction of available adsorptive 
capacity of the carbon which is utilized under the plant operating 
conditions involved. Total utilization is evidently reached in fig- 
ures 5 to 7 at 90 minutes stirring time, where the curves become 
horizontal, showing that little or no further reduction may be ex- 
pected with further contact time. In the case of figure 8, total 
utilization is probably reached at 120 minutes. 

Actual utilization of adsorptive capacity is indicated by the 
residual reached in the plant. ‘The fraction utilized is measured by 
the ratio of this reduction to the total possible reduction. 

In figures 5 and 7, two curves are shown. In each illustration, 
the two curves represent addition of carbon at different points in 
the plant. In the case of figure 5, little improvement resulted from 
earlier application of carbon; in the case of figure 7, the fraction 
utilized was increased from 58 per cent to 75.5 per cent by changing 
the point of application. It is evident that such curves may have a 
distinct economic usefulness, in addition to the clarification of car- 
bon performance which they afford. It is also evident that gener- 
alization on this point of percentage utilization is impossible, be- 
cause of the aforementioned differences in plant design and operation, 
and it is evident that time curves must be determined for a particular 
plant to have any meaning for that plant. 

Returning to figures 1 to 4, the data plotted in these also indicate 
the relative efficiencies of the various carbons tested, i.e., from the 
adsorption isotherms, as these straight line plots are commonly 
called, can be calculated the dosage of each required to reach a given 
desired degree of purification. In actual plant practice, this should 
be the odor residual that must be attained with carbon treatment, 
in order that the tap water have an odor intensity below the level 
at which consumer complaints ordinarily occur. For the purposes 
of this discussion, the carbon dosage for each plant is that required 
for an odor reduction of 90 per cent, since in the phenol test with 
which these results will be compared, the basis is 90 per cent reduc- 
tion in phenol concentration. 

Figure 9 illustrates the phenol adsorption isotherms for the car- 
bons used in these tests. Table 1 shows the relative efficiencies of 
— carbons as rated by the phenol test, with Carbon A arbitrarily 
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rated at 100 per cent, and also their relative efficiencies as rated by 
the threshold odor test, referred to the same carbon as 100 per cent 
Table 2 supplements table 1 by summarizing the test conditions 
and the carbon dosages required to satisfy them, from which the 
relative efficiencies in table 1 are calculated. 

It is evident from these figures that, for the plants at which these 
tests were conducted, there is a serious discrepancy between the 
threshold odor ratings and the phenol value ratings of these carbons 
The data indicates that a carbon with a good phenol rating, such 
as Carbon A, may also have a high rating on adsorption of odors 
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actually occurring in water. However, it is obvious that this is by 
no means necessarily so. 

It is clear, for example, that a carbon with poor phenol rating, 
-such as Carbon B, may have an odor adsorptive capacity better 
_ than carbons of considerably higher phenol value. Last, a carbon 
of good phenol value, such as Carbon F, may have very poor odor 
_ adsorptive capacity. 

Since the threshold odor tests were run on plant samples of water 
- eontaining odor bodies actually encountered in daily experience, 
_ taken from the plant at the point where carbon is actually applied, 
s and given an effectiveness of contact with carbon equivalent to that 
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TABLE 1 


ra 


Comparison of relative efficiencies of carbon by the phenol test and the threshold 
odor test, at 90 per cent adsorption of phenol or odor 


THRESHOLD ODOR TEST 
CARBON PHENOL TEST 
Mamaroneck Hobart Dallas Atlanta 
A 100 % 100% 100% 100% 100% 
B 61.5% ~ 55% 46% 55% 
C 75.0% 42% 89% 68% 23% a 
D 76.6% 83% 287% 417% a 
E 117 % 78% 42% 62% 41% 
F 138.4% 46% 16% 13% 45% 
75.0% 72% 23% 35% 52% 
TABLE 2 
g Dosages required to reach 90 per cent adsorption, and test conditions _ 
af Dosages, expressed as parts per million a 
PHENOL TEST THRESHOLD ODOR TEST 
CARBON (ACTUAL PHENOL 
vaLup) Hobart Dallas Atlanta 
21.3 13.8 22.0 
34.6 25.1 47.7 
28.4 15.5 32.4 61.3 
at 27.8 49.3 53.6 29.5 
9 E 18.2 32.9 35.5 2.8 
F 15.4 100. 169. 26.2 
G 28.4 60. 62.8 22.7 
Test Conditions 
Concentra- 
tion before 
treatment. . 0.10 T.O. 16 T.O. 25 T.0.28 
Residual to 
be reached. 0.01 4:0 T.O. 2.6 T.O, 2.8 
Laboratory 
stirring 
Eo 5 120 minutes 14 min. 21 min. | 75 min. Bb - 


Note: At Hobart, Dallas, and Atlanta the odor intensity of the water before 
treatment did not change during the test period. At Mamaroneck, the in- 


tensity varied from day to day; to avoid complications in tabulating, therefore, 


| 
W.A “a 
Cent, | 
the 
4 
4 
7 
4 
3 
1 
| 4 
= 
if 
4 
| 
: 4 


W. A. HELBIG [J.A.Wowa 


_ - obtained in the plant, it is clear that the burden of explaining the 
discrepancies of table 1 lies with the phenol test. 
a The explanation, with respect to these tests, lies in several weak. 
nesses of the phenol test. At the plants where the tests were con. 
ducted, the tastes and odors were not caused by phenol or phenolic 
compounds. The odors which were present respond to adsorption 
__ with carbon in a manner which is markedly different from the manner 
_ in which phenol is adsorbed, as is clearly shown by the appearance 
of the adsorption isotherms. The phenol isotherms are parallel or 
very nearly so; the odor adsorption isotherms are nearly parallel in 
some cases, but vary greatly in slope in other cases. 
_ Whether the phenol values show better correlation with odor 
- adsorption values for waters containing phenolic compounds is not 
2 yet known, but as soon as test results are obtained on such waters 
they will be duly reported. 
Another weakness of the phenol test is the long and arbitrary con- 
tact time between carbon and phenol test solution which is used, 


It has, however, been demonstrated that to do this involves a de- 
ag arture from the conditions under which carbon is actually applied. 

_ A third weakness of phenol evaluation, as compared with odor 
evaluation of carbons, is that a phenol solution of 0.10 parts per 
million concentration has a very low odor intensity, and for this 
reason is not representative of odor problems occurring in water 
plants. Phenolic odors in water supplies are most commonly caused 
by phenol derivatives, such as chlorphenols, and it is known that 
the latter respond differently to adsorption with carbon than phenol 
itself. 

A fourth and fundamental weakness lies in the fact that phenol 
value and odor removal capacity are expressed in units which are 
mutually non-convertible. Phenol value is defined as the carbon 
dosage required to reduce a phenol concentration from 0.1 ppm. to 
0.01 p.p.m. a 90 per cent reduction, but it is impossible to state to 
what per cent odor reduction this may correspond. 

Now, the relative efficiency of two carbons is the ratio of their 
dosages required to accomplish a given degree of adsorption. How- 
ever, it is a fundamental characteristic of carbon behavior that this 
ratio is in general not constant; it is almost always different at 90 
per cent removal of impurity than it is at 50 per cent removal, for 
example. For any two carbons the ratio will vary rapidly if the 


3 

tae 

i 

ie 


yoL. 30, NO. 7] ACTIVATED CARBON TESTS COMPARED oan 1233 
adsorption isotherms vary markedly in slope, and the ratio will be 
constant only in the exceptional case when the two isotherms are 
parellel. 

Since 90 per cent removal of phenol cannot be translated by any 
known way at present into terms of an equivalent percentage of 
odor removal, it is clear that in this respect the phenol value fails to 
define a carbon properly for its primary function of odor adsorption. 

These considerations, and the comparative data presented, seem 
to indicate that the phenol test must be considered of secondary im- 
portance to the threshold odor test in evaluating carbons. 

It is fully realized that this is unfortunate, because to date the 
phenol value has provided a convenient basis for both the purchase 
and the manufacture of carbons. It is also realized that further 
confirmatory data are desirable before the phenol test can properly be 
abandoned entirely. However, the economics of carbon purchase 
and application make it necessary to face the facts as they exist, 
namely, that purchase of carbons by phenol value only may heavily 
penalize the purchaser by possibly requiring acceptance of a carbon 
having limited capacity for correcting the odor conditions that ac- 
tually must be met. 


Fortunately there exists a possibility, which will become usable. 


when sufficient data have been accumulated, of classifying odors by 
types on a numerical scale which is directly related to the funda- 
mental adsorption equation. It would be premature to discuss this 
in detail at the present time, because discussion is futile without the 
necessary data, but, when the figures are available, a test material, 
or series of such materials (possibly including phenol), and a test 
procedure, can be found which will not have the weaknesses of the 
present phenol test. 

The present status is that the threshold odor test provides a 
method of evaluating carbons directly on the water to be treated, 
and it can be relied upon for accurate results. The need is for a 
satisfactory test material which can be used as a convenient basis 
for purchase and manufacture of carbons. The action to be taken 
is clearly indicated, and it should prove attractive to water works 
men of an investigative turn of mind. The need is systematic 
accumulation of threshold odor data, on as wide a variety of waters 
as possible, and clearing of this data through a central agency for 
interpretation, mathematical analysis, and application to the solu- 
ten of the problem. 
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; i SPECIFICATIONS AND TESTS FOR POWDERED CARBONs 


The Sub-Committee on Specifications and Tests for Powdered 

_ Activated Carbons has, for presentation, a record of findings which 
is of material benefit to the water works profession and a means of 
a decided stimulus to the carbon industry. This industry has ¢o- 
n _ operated wonderfully well with water works men in a prolonged and 
7 earnest endeavor to get the most out of the available carbons for 
= and odor adsorption. The report of the Committee as it now 
_ stands represents the best thought of the day on the subject in so far 
as the application of carbon to the treatment of water is concerned, 
The carbon evaluation methods outlined in the report are still 
mysteries to many who have the responsibility of purchase. Pro- 
cedures necessary to rule out inferior carbons from consideration are 
yet quite vague. 

Technical workers of long experience with testing of carbons do 
not take fully into account the methods proposed by the Committee 
and when called upon to make check tests are quite likely to inject 
some little item of technique of their own liking. In other words, 
the methods proposed by the Committee have not yet at this time 
commanded the full confidence from all workers. Manufacturers 
of activated carbon are inclined to be too enthusiastic about their 
product and cause advertising to appear in technical journals claim- 
ing carbon as the final cure all for all tastes and odors in a water 
supply, thus creating in the minds of the public and those in charge 
not fully acquainted with the problem, an idea that a failure to re- 
move a taste and odor from a water is a negligence on the part of the 
operator of the water purification works. The unfairness of these 
impressions is a just cause for strenuous objections from the operator; 
for he knows full well of the many failures of the practical application 


A discussion of the report of the Committee on Specifications for Aeti- 
vated Carbon presented at the New Orleans Convention, April, 1938 by 
L. C. Billings, Superintendent and Chief Chemist, Water Purification Plant, 
Dallas, Texas. 
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of activated carbon to handle completely hydrogen sulphide odors, 
strong phenolics and many organic odors and tastes. 

If enough reasonably well activated carbon is used and long enough 
contact is possible, nearly all odors can be adsorbed. But there are 
many instances where the odor is so strong that it is entirely im- 
practical to use enough carbon to produce an odorless water because 
of excessive cost. However, often times enough can be used to 
greatly reduce the odor enough so that the nuisance can be made 
less noticeable. 

This leads to the thought that the possibilities of manufacture and 
application of activated carbon have not been exhausted. Instead 
of removing only 50 to 70 per cent of an odor with a small fraction 
of the available activated carbon, there should be developed methods 
whereby the whole activity of the carbon could be made to work. 
It would seem that there are undeveloped possibilities relative to the 
use of carbons for taste and odor removal. The adaptation of ac- 
tivated carbon to water treatment is in its infancy and the adoption, 
at this time, of any set of standards with reference to use of activated 
carbon would be somewhat presumptuous. Thus it would appear 
proper to adopt the present recommendations as outlined by the 
Committee only as tentative and have the committee work con- 
tinued indefinitely, reporting progress each year in the manufacture 
and adaptation of activated carbon to water treatment. 

The various items of the Committee Report are discussed as 
follows: 

The purchase of carbons on a competitive basis is highly desirable. 
There is much difference of opinion as to the best method of selecting 
the most desirable carbon. The idea of using both the Phenol test 
and the Threshold odor test is commendable. 

The Phenol test is a test that can be applied to carbons by any 
laboratory using method or methods recommended by this report 
and thereby obtain a comparable result with other laboratories. 
This test can be utilized as a means of qualifying carbon for con- 
sideration under a certain specification. Whether it will serve as a 
basis of selection of a carbon for use with individual water supplies 
is another matter. There are trade wastes, sewage, phenols, specific 

plankton odors, organic decay and many other types including mix- 
tures of two or more. Thus each problem of taste and odor removal 
becomes a local one necessitating different demands on the carbon 
used in treatment. Experience of many workers indicates that the 
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carbon having the best phenol value does not always designate the 
carbon best suited to remove the most odor. In such cases, the eval- 
uation of a carbon on the basis of the phenol value is not practical. 

In municipal work, the bid price of a carbon is often the primary 
factor in bringing a decision from those who have authority for pur. 
chase. The lowest bid is exceedingly popular and unfortunately 
the consumers have had to deal with some inferior carbons which 
have received attention because of the low price quoted. Those 
operators who have had occasion to do considerable testing in con- 
nection with their purchases have found that the highest bid carbon 
may be the best priced carbon and most economical to buy. 

The Threshold Odor Test applied to the raw water, the treatment 
being conducted similar to plant treatment, has very satisfactorily 
given the true evaluation which has been later checked in actual 
plant operation. This test is of much greater value as a carbon 
evaluating medium than the Phenol Test. The Phenol Test may 
properly be used to qualify the carbon for consideration under a 
specification and by the additional use of the Threshold Test the 
carbon under test can be evaluated. 

It is good practice to have a specification carry a requirement of 
the bidder to furnish a number of references as to the use of his 
product in water purification. This is particularly helpful to treat- 
ment plants not having facilities for testing. 

Submission of samples with bids with certified analyses for de- 
seriptive items is helpful for choosing the best carbon. The bid 
sample is properly used as a reference sample when shipments 
are checked thus holding the manufacturer to a guarantee of a 
definite and uniform quality. Early in the manufacturing history 
of carbon and in some instances even today shipments are not always 
of uniform quality, depreciating on storage and not holding to a 
parallel quality with the bid or reference sample. The provision for 
packing, shipping, weighing, inspection and sampling are routine 
and tend to make practices in manufacture more uniform. Under 
specifications naming general requirements, outside of Phenol ad- 
sorption capacity and Threshold odor value requirements, there is 
great lack of definition of carbon. 

More work should be done in the way of better methods of getting 
carbon in contact with water under treatment. At present, proper 
contact is lacking so that only a small portion of carbon activity is 
utilized. Many carbons will not stay suspended, many lack dispers- 
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ive characteristics and manufacturers need to study methods of 
production in order to produce better efficiencies. 

Carbon prices are yet too high to promote the greatest use in water 
treatment. Some situations may be such as to require a greater 
expenditure for carbon than for all other treatment combined. Such 
expenditure is oft’times hard to justify. 

In general, methods of testing have been thoroughly worked out 
and it is our opinion that the committee report includes methods of 
sufficient reliability to be considered standard. 

The inclusion of definite provision for award of contract, basis of 
payment, price adjustment and rejection of material are all appro- 
priate. 

As previously stated, I am of the opinion that the committee re- 
port should be included in water works standards as tentative pro- 
visions only for governing the use of activated carbons, since the art 
of earbon treatment is in its infancy and present methods of carbon 
manufacture are inadequate. There is great need of development 
in these directions and the results will gradually require changing 

specifications from time to time. Continued effort by the same or a 
similar committee would be a highly serviceable agency for the 
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: Key. 29: 408 (Mar. ’37) indicates volume 29, page 408, issue dated March 
‘1937. If the publication is paged by issues, 29: 3: 408 (Mar. ’37) indicates 
— volume 29, number 3, page 408. Initials following an abstract indicate re. 

on production, by permission, from periodicals as follows: B. H.— Bulletin of Hy. 
_— gtene (British); C. A.—Chemical Abstracts; P. H. E. A.—Public Health 


2 : : Engineering Abstracts; W. P. R.—Water Pollution Research (British). 


‘Planning the and Conduct of Stream Pollution Surveys. J. K. 
Hoskins. U.S. Pub. Hith. Repts. 63: 18 (May 6, ’38). The nature of the 
survey and its organization depends upon the objectives which must be clearly 
defined beforehand. Stream surveys may be conducted to determine; (1) 

_ Nature and extent of nuisance conditions resulting from odors, sludge deposits 
along channels and shore lines, floating sleek, grease and oil, objectionable 
 diseolorations, and aquatic growths. (2) Suitability of stream waters for 
_ public or industrial supply, including possibilities and probable costs of treat- 
ment, chemical and biological characteristics, and adequacy of flow. (3) 
Capacity of watercourse for sewage or industrial waste dilution, which is 
dependent on volume and constancy of flow, extent of oxygen reserve, degree 
4 of sedimentation in channel, and adequacy of flow. (4) Ability to support fish 
and other aquatic life as it may be affected by content of toxic substances, 
oxygen balance, and existence of plant and other fish food. (5) Safety for 
recreational use, which involves relative freedom from pathogenic bacteria 
and suspended solids. (6) General relationships of pollutional factors for 
application to a variety of specific conditions. These relationships include 
the correlation of known populations and industrial wastes with water quality, 

_ rates of recovery from determinable pollution under known conditions of 

_ depth, velocity and temperature; the nature and direction of changes in bae- 

. ee biological and oxygen content, and their interreactions. These are 
a three general classes of information needed: (1) Nature, location, and extent 
; of sources of pollution, and a sanitary survey of the watershed to determine 
distribution of (a) sewered and unsewered population, (b) extent of sewage 
treatment, (c) location, types and volumes of industrial waste contributions. 
(2) Hydrometric factors including daily volume of main stream flow at definite 
points and at mouths of tributaries, the rainfall, and runoff. (3) Sanitary 
condition and sediments under varying stream flow, temperature and seasons. 
Close contact and cooperation with Federal, State, and Municipal agencies is 
highly essential for mutual use of available material and information. Or 
ganization will be composed of professional sanitary engineers, bacteriologists, 

=. _ chemists and biologists, trained in the standardized technique of water ex- 
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amination. Analytical procedures should conform strictly to the methods 
adopted jointly by the A.P.H.A. and A.W.W.A. in order that results may be 
generally comparable. The slightest deviations therefrom should be de- 
scribed in detail. Proper facilities for collection, review and filing of data 
areessential. Field headquarters and laboratory should be close to the stream 
and centrally accessible for all operations and essential services. The mini- 
mum bacteriologic tests should include determination of the coliform group 
organisms and, in special instances, 37°C.—24 hr. plain agar counts. Mini- 
mum chemical examinations should include turbidity, pH dissolved oxygen 
and 5-day B.O.D. Plankton examinations should distinguish relative num- 
bers of pollution indicator organisms, free floating and in bottom sediments, 
sampled sufficiently frequently to record the pulses of various indicator forms 
during seasons. Usually weekly water samples and monthly bottom sedi- 
ments suffice for these needs. Frequent, careful, reviews of the trend of re- 
sults will indicate any advisability of changes in field methods, relocation, 
omission or addition of certain sampling points, recurring errors in laboratory 
technic, and other modifications in procedure that, unless made early in the 
study, will greatly lessen the value of the completed work. Most difficult 
feature of any stream pollution survey is the critical weighing of all evidence, 
derivation of conclusions based on this evidence and their presentatien in 
concise understandable form. Since the entire activity will be judged by the 
thoroughness of the report, too much time and concentration cannot be de- 
voted to it. Monthly or periodic averages, diagrams of outstanding trends 
and possibly photographs are most helpful in reinforcing the text. Pollution 
surveys thus reported are of more than local value; they add to our gen- 
eral knowledge of the resultant effects of pollution discharged to streams 
and of the essential correctional measures necessary for stream improvement. 
[Packed into this article is a wealth of valuable and practical information on 
the technic of stream pollution surveys, developed through many years of 
splendid work.]—Ralph E. Noble. 


Studies on Sewage Pollution of the Spokane River and an Estimation of the 
Degree of Hazard to Health. W. Atrrep Buice. Northwest Sci. 11: 11 
(37). During ’36 weekly samples were taken at 4 sampling points from June 
to Dec. and tested for coli-aerogenes group. Results showed that approx. 
1/35 of the coli-aerogenes group that entered the river through Spokane sew- 
age survived until the mouth of the river was reached 70 mi. below Spokane. 
Conclusion: There is little danger of contacting typhoid at the latter point 
from the Spokane sewage.—C. A. 
an 
_ ‘The Sanitary Significance of the Spokane River. A. D. Burier. North- 
west Sci. 11: 4 (’37). It is estd. that the pollution load of the Spokane R. as 
it leaves the city has a population equiv. varying between 172,000 and 287,000. 
From a survey made during ’33 it was found that the 5-day B. O. D. of the river 
just above the city of Spokane averages 1.47. The av. at 2 sampling points 
between the city and the mouth of the river showed 5-day B. O. D.’s of 2.17 
and 1.93, resp., while at the mouth of the river as it enters the Columbia R. 
the 5-day demand was 1.40 showing that the river had recovered from the 
pollution load received at Spokane.—C. A. 
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Stream Pollution Becomes a Problem for Chemical Engineers, ANoy, 
Chem. Met. Eng. 45: 138 (Mar. 38). Advancing federal legislation hag spot- 
_ lighted problems of both municipal and industrial pollution of streams. (Cop. 
- tathlinistion of waterways is more frequently occasioned by municipal sewage 
- discharge than by industrial wastes, it being estimated sewage of 40 million 
people is discharged untreated into streams. Mfg. Chemists Assoc., detnd. 
_ that 31 of 230 industrial plants surveyed treat water used. 18 find pre-tregt. 
ment necessary because of sewage pollution, only 13 because of presence of 
trade wastes. In these plants 2} mil. dollars invested with annual operating 
_ cost of $350,000. Of the 230 plants, 47 have installed waste treatment at capi- 
tal cost of over 3 mil. dollars with annual operating costs of $400,000. Article 
urges that problems of each plant be clearly defined soon and investigation for 
- solution be authorized at an early date. Chemical industry believes U. §, 
Public Health Service should be entrusted with research, general administra- 
- tion and coordination but should not be made policeman, leaving direct ep- 
forcement to state and regional authorities.—Martin E. Flentje. 


_ Mine Sealing in Maryland. Grorce L. Hatu. Eng. News-Rec. 120: 713 
(May 19, ’38). Mine sealing activities in Maryland outlined. Half of the 
7 500 mi. of streams in coal mining sections are grossly polluted by acid mine 
- drainage, estimated to contain 77,000,000 Ib. H,SO, yearly. Acidity of drain- 
age due to oxidation of pyrites and marcasites to FeSO, and H2SQ, by air gain- 

ing access to mines: FeSO, oxidized to Fe2(SO,)3 and, finally, latter hydro- 

lyzes, liberating H.SO,. Exclusion of air is most practical method of control. 

From investigations, 2 basic requirements of mine sealing formulated: (1) 
Sealing all openings in abandoned or inactive mines to exclude air but permit 
escape of water. (2) Filling of surface cracks and crop-line breaks to exclude 
surface water from active and partially active mines, thus reducing volume of 
drainage. Of 491 mines in state, 246 are abandoned. Latter contribute only 

14.6% of total yearly acid load. Up to Dec. ’37, 15 mines with total of 8 
openings had been sealed and acid discharged by these mines thereby reduced 

72%. Filling of surface openings, paving of stream beds over surface cracks, 

and construction of masonry retaining walls to prevent streams overflowing 

on to adjacent land where many surface holes are located is also underway.— 


R. E. Thompson. 
WATER BORNE DISEASE 


On the Possibilities of the Spread of Infectious Intestinal Disease by Chiori- 
nated Water. Hayo Bruns. Gas-u. Wasser 81: 214 (Mar. 26,38). Thisisa 
report, with comments, of the panel discussion on gastro-enteritis held at the 
Buffalo convention of the American Water Works Association in June ’3/. 
(J. A. W. W. A. 29: 1137 (Aug. ’37)). Besides reporting on the epidemics men- 
tioned in the discussion data are given on others taken from the wide experi- 
ence of Bruns. Even these show that many times gastro-enteritis precedes 
an epidemic of typhoid. As a rule many more people are affected by the 
gastro-enteritis than by the typhoid infection. Although the cause of this 
gastro-enteritis is unknown it is known that very few infections are trans 
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mitted by contact. Nevertheless it is not believed that these diseases are 
transmitted by products of the decomposition of algae or other organisms nor 
by toxins or viruses as most of these could be stopped by chlorination, and in 
many cases a source of pollution could be found. Such sources are mentioned: 
breaks in mains,—especially in winter, cross-connections with industrial 
supplies, back syphoning in house installations, and ineffective chlorination. 
The latter may be due to interruptions in the chlorine dosing, great chlorine 
demand by organic matter or by turbidity, formation of chlorohydrate at 
temperature below 8° to 10°C. or incorrect determination of the residual chlo- 
rine owing to influences of ferric iron, nitrites or manganese. It is not con- 
sidered that the extension of bacteriological tests beyond the total count and 
detection of the coli group is necessary as long as the cause of the gastro- 
enteritis is not known.—Maz Suter. 


Typhoid Fever from Drinking Water. Lomry. Bruxelles-Méd. 18: 344 
(38). The author, who was formerly chief inspector of hygiene in Belgium, 
maintains that clinical observation and bacteriological examination prove 
that typhoid fever due to water is rarer than commonly supposed. Water 
polluted by a variety of microbial flora, e.g., in the water of the Meuse, is not 
so frequent in Belgium as was formerly imagined, but it is at least sufficiently 
frequent to demand drinking water to be free from any suspicion. As result 
of a comparative study of the clinical and hygienic observations with their 
bacteriological researches, author concludes that only one in ten cases of 
typhoid fever is due to contaminated water. According to the author bac- 
teriological investigation shows that ordinary water is not a nutrient medium, 
but at most is a poor medium for the growth of typhoid and paratyphoid 
bacilli, as typhoid bacilli can live on it only one month and paratyphoid ba- 
cilli only two months. In order to obtain concordant results between the 
bedside and the laboratory, investigations should be made on quantities of 
water approximating the daily minimum of at least 1,000 ec. While pollu- 
tion of drinking water on a large scale gives rise to severe outbreaks of. ty- 
phoid fever, slight and repeated contaminations of the water not only pro- 
duce isolated cases, but also contribute to the inoculation of those who are 
not sufficiently infected to develop the disease.—B. H. 


The Influence of Variations in Exposure in Amebiasis. A Quantitative 
Study. A. V. Harpy. Amer. J. Hyg. 25: 431 (’37). In addition to the 
amoebic infections which resulted in ’33 from exposure of employees and 
guests in two Chicago hotels to polluted water, there occurred in ’34 a similar 
series of infections amongst firemen and onlookers at the stockyards fire, in 
which the pumped water, found afterwards to be polluted, was used for pur- 
poses of quenching thirst. Analysis shows that of 300 firemen who worked at 
the fire, 124 acquired amoebic infection from the water during the few hours 
of possible exposure. Similar calculations applied to onlookers show that of 
7,500 about 3,100 became infected. In the onlooker group there were only six 
eases of actual amoebic dysentery and none in the firemen group. These 
results are contrasted with the infections in the hotels which resulted from 
exposure over longer periods. The number of amoebic infections which oc- 
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curred was similar to that in the fire group of exposed individuals but the 
7 = number of cases of dysentery was greater. Furthermore the incidence of 
/ _ dysentery cases amongst the hotel people was found to vary directly with the 
duration of exposure. It is thus seen that the long and repeated exposures at 
F the hotels did not lead to more infections than the short exposure at the fire, 
if but they did lead to a greater incidence of actual amoebic dysentery.—B, 4 
ss Phe Coliform Bacilli and Water Supplies. E. F. W. Mackenzie anp P 
cana C. H. Sprezanr. J. Roy. Army Med. Cps. 70: 14: 73 (’38). Deals with the 
development of bacteriological examination of water, discussing the methods 
: bs a for and the object and value of the total bacterial count, the coliform count, 
and the identification of faecal streptococci and of Clostridium welchii, and 
the classification of the coliform group and its differentiation according to 
habitat. The precise significance which may be attached to the presence in 
i _ water of anyone of the coliform group (with the exception of B. coli type I, 
which is faecal in origin) is a question which, owing to the wide distribution of 
"7 the majority of strains, is not likely to obtain a definite answer. Much in- 
: vestigation has been devoted to the question whether various members of the 
coliform group may or may not be present in excreta; the authors suggest that 
a more practical method would be to investigate whether any one easily re- 
-eoverable organism is always present, and whether such an organism outlives 
the intestinal pathogens in an unfavourable environment. Experiments are 
described which show that B. coli type I fulfils these requirements and thatit . 
ean be recovered more readily by the Eijkman test than by other known 
methods. A positive result with the Eijkman test signifies that the water is 
‘at least under grave suspicion of recent excretal contamination; a negative 
result indicates the absence of faecal coli, and consequently that any pollu- 
tion is sufficiently distant for the faecal coli, and therefore, intestinal path- 
ogens to have died out. A negative “presumptive coli” test in large quan- 
tities is stronger evidence of complete absence of pollution, but where the 
frequent occurrence of coliform organisms necessitates the setting of an 
arbitrary standard, such as “‘absent in 10 ml.’’, there is no guarantee that the 
organisms producing a positive reaction in the next larger quantity are not of 
fecal origin. The modified Eijkman test used is described.—W. P. R. 


- The Croydon Epidemic of Typhoid Fever. Eprrorrat. Am. J. Pub. 
Health. 28: 644 (May ’38). Among the lessons taught are the value of coopera- 
tion between the health officer and the local medical practitioners as there was 
a delay of 2 days before the health officer began to suspect the water supply. 
Also desirable that the health of workmen on water projects be looked into. 
Crude methods for the disposal of excreta were practiced during the well 
construction, unknown to the health officer.—H. E. Babbitt (For report of 
outbreak, see abstract J. A. W. W. A. 30: 852 (May, ’38)). 


A Water-Borne Epidemic of Gastroenteritis in a Tennessee Town. Onit 
Parris, F. W. Kirrrect, anp W. C. Wittrams. Am. J. Pub. Health 28: 


736 (Jun. ’38). This is an account of the same case which is described in the 
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article in the JOURNAL of the American Water Works Association 29: 1880 
(Dec. 37). The town involved is not named in either article.— Ed. 
PIPE CORROSION AND PROTECTION 


Laboratory Experiments Concerning the Corrosion of Cast Iron in Soil. K. 
W. H. Lezrtanc. Water (Netherlands) 22: 66 (Mar. 25, ’38), 22: 75 (Apr. 
8,'38). In’34 Heyman (Water 18: 191 (’34)) published results obtained with a 
number of soils and set up an ‘‘aggressivity scale’, comparing the laboratory 
results with findings in practice. Continuation of the experiments showed 
that Heyman’s conclusions were in general correct and some new information 
obtained. Experiments were conducted with a series in peat, clay and dredge 
fill (sand with brackish water). Analyses of the soils showed the following in 


|] 2 | 

Al 367 |1,150 1.6} 4.2] 6,850) 7.7 2.5 
Peat............4;A2 [1,680] 174 153 4,009 | 12.2) 7,020/6.5-6.8/1.5-2.0 
A3 670) 316 77| 186 | 2,835) 6.2 
B1/1,800| 104 | 73/1,003 | 1.6|10,860} 7.0 |1.0-2.0 
River clay......{B2|2,200| 83 500 67 | 3.8| 7,960) 8.3 /|1.5-2.5 

B3 |5,500} 113 |1,600| 507 5.0 |16,880 1.5 

Dune sand....... C1 /2,800; 32 510| 625 5.3 |10,250) 8.1 0.3 

(g./m*./d. = grams per square meter per day.) 


In accordance with the aggressivity scale corrosion is: . 


Weakly aggressive, 0.25-0.50 g./m*./d., Ci, Cs 

‘pee } Medium aggressive, 0.50-1.0 g./m?./d., As, Cs ya 

Fairly strongly aggressive, 1.0-2.0 g./m?./d., A», Bz 
_ Strongly aggressive, 2.0-3.0 g./m*./d., it 
Ney strongly aggressive, >3.0 g./m’./d., an 


In all cases of corrosion sulfate reduction in the soil took place. Iron sulfate 
incrustation was present to a greater or less extent. This is in accordance 
with anaerobic corrosion theory. The intensity of corrosion changes with 
time; intensity may increase or decrease, due to character of biochemical 
action of reduction process. The H* concentration of soil solution is no indi- 
cation of rate and degree of corrosion. Electrolyte is important. The dune 
sand (Cl) was washed with water containing 35 p.p.m. chlorides. After 
1100 days cast iron pieces buried in washed sand lost an average of 0.14 g./m’. 
/d. and centrifugal iron pieces 0.24 g./m*./d. Imbedding blocks of iron in 
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peat, river clay and dune sand with additions of fresh and brackish Water 
gave results as follows. Fresh water contained 35-70 p.p.m. chlorides, brag. 
ish water 1090 p.p.m. 


0-870 | 870-860 | 860-1550] 0-370 | 370-800 | 
Peat, cast iron... 0.23 | 0.20 | 0.26 | 0.25 | 0.24 | 9.3. 
~ Es 7 Peat, centrif. iron............. 0.26 | 0.27 | 0.35 | 0.28 | 0.25 | 0.99 
_ River clay, cast iron.......... 0.14 | 0.08 | 0.09 | 0.20 | O.11 | 0.15 
River elay, centrif. iron....... 0.13 | 0.11 | 0.09 | 0.22 | 0.15 | 0.93 
Sand, cast-iron................ 0.08 | 0.08 | 0.08 | 0.18 | 0.05 | 1.4 
_ Sand, centrif. iron............ from 0.8-0.10 | 0.23 | 0.14 | 1.4% 


_ Electrolyte caused little difference in corrosion intensity with peat and clay, 

_ but considerable in sand. Explained on basis of porosity and increase jp 
organic matter in sand. In aggressive soils pipes are frequently laid in g 

sand sleeve. In 850 days cast iron surrounded by sand and placed in peat 
lost less than 0.25 gram as compared with 1.0-2.0 without sand. Rate of 
corrosion of sand surrounded iron increases with time, but does not reach same 
extent. Iron blocks surrounded by sand placed in made land from dredge 
fill showed 2-3 times greater corrosion than without sand. Incrustation more 
voluminous and more porous (brown). Peat holds water better and sulfates 
and organic matter are not as easily transported to iron by soil water move- 
ment. Some experimental evidence is available to show the effect of ground 
- water movement. Type of iron affects corrosion.—Willem Rudolfs. 


_ A Method for Direct Determination of Soil Corrosivity in Terms of Conduc- 
> 4 tivity. M.T. Burron. Gas 13: 12: 29 (’37). The soil sample is placed ina 
i a special cond. cell: a Pt electrode consisting of 3” of No. 20 gage wire anda W 

electrode 0.040 X }” are used, sealed in glass and rigidly spaced }” apart. 
; _ This electrode has given reproducible results. Current for cell circuit is low- 

_ voltage 60-cycle a. c. supplied by means of transformer with secondary pr- 
a : } vided with taps from } to 6 v. and primary taps to ensure const. secondary 


voltage. Low current passing through cell is amplified by means of vacuum- 
- tube amplifier, and a high-resistance voltmeter is used as an indicator in out- 

put circuit. Calibration data are given for salt solns. Waxed paper cups are 

used as soil containers. A portion of the soil is placed in the cup, sufficient 
. aerated distd. water added to just visibly saturate the sample and, after 
thorough stirring with glass rod, the test electrode is completely immersed in 
the mixt. without touching container walls. Voltage is then adjusted to give 
a reading nearest to 50. Voltage taps are numbered from 1 to 12, least corro- 
a sive (highest resistance) soil being taken as 1 on the scale and most corrosive 
Bi as12. All very corrosive soils will fall in latter class. Accurate, reproducible 
and dependable results are secured in a few min.—R. E. Thompson, 


Corrosion of Metals in Soils as a Factor in Selecting Materials for Pipe Lines. 
Scorr Ewinc. Oil Gas J., 36: 20: 51 (’37). The presence of carbon, mai- 
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ganese, sulfur, silicon or copper in ferrous metals has little or no effect on 
corrosion rate. Phosphorus tends to reduce pitting. Duriron (14.5% silicon) 
showed little or no corrosion after 8 yrs. in 47 locations. Data on chromium- 
nickel steels are limited, but indications are that 5% of chromium added to 
steel is of no benefit. Losses from steels containing nickel and more than 5% 
of chromium are less than for plain steel, but there is localized pitting. These 
alloys have little advantage over ordinary steel in resisting soil corrosion. 
Copper corrodes rapidly with hydrogen sulfide. Under some conditions, es- 
pecially in contact with cinders, copper pipe suffers badly. Copper is superior 
toiron in alkaline soils. Corrosion may occur if chlorides and carbonates are 
present. High-copper alloys were similar to copper. Lead resists corrosion 
in alkaline soils, but is pitted in soils nearly neutral and containing no soluble 
materials. Peat and muck caused large loss of lead without excessive pitting. 
Jine coatings protect steel, but lead is poor protector.—R. E. Thompson. 


The Influence of Dissolved Oxygen in Accelerating the Corrosive Action of 
Water. F. WeLtincton Gitcreas. J. N. E. W. W. A. 61: 38 (Dec. ’37). 
Comparative study has been made of corrosiveness of 3 Long Island public 
water supplies, all from wells. Freeport supplied by 4-500’ wells, water aerated 
before going to system. Water very soft, pH 5.2, d.o.—0, 30 p.p.m. CO, 
which is reduced by aeration to 15, Langelier saturation index low (—4.6), 
iron content of 0.4 p.p.m. reduced to 0.03 and less in system. Main in service 
1 yr. contained ¢” to 7” tubercles with inner surface covered with thin 
rust coating. Standing in copper pipe raised Cu content to 4.2 p.p.m. Wil- 
liston Park water obtained from 2 wells, 250’ and 400’. Water soft, with little 
iron (less than 0.03), devoid of oxygen, CO; content 19, pH 5.7. CO; reduced 
by aeration to 6, pH increased to 6.4, d.o. raised to9. Little change in water 
either in flowing through or in standing overnight in mains. Saturation index, 
-3.7. No red water complaints, no rust stains present in plumbing fixtures, 
and thin rust deposit found in mains. West Hempstead-Hempstead Gardens 
water also obtained from 2 wells, 190’ deep. Not aerated, very soft, with low 
Fe (less than 0.03), 26 p.p.m. CO2, pH of 5.1. Langelier index low (—4.7). 
No increase in Fe in system. Over-heated hot water tanks show corrosion, 
mains at least 20 yrs. old show definite rust scale with few very small tubercles. 
Results at these places anomalous from viewpoint of accepted effect of dis- 
solved O on corrosion. Possibility presence of fine layer of ferric oxide is 
explanation—further study for explanation is needed.—Martin E. Flentje. 


Corrosion Resistance of Welded Joints—A Review of the Literature to Jan: 
1, 1987. W. SpRARAGEN AND G. E. Ciaussen. Welding J. (N. Y.) 16: No. 
8: Suppl. 1-44 (’37). Four hundred and eight references.—R. E. ates oy 

Experiments on Pipe Coatings. CHARLES FiTzGERALD AND M. G. J OHNSON. 
Ind. Eng. Chem. 80: 294 (Mar. ’38). After experimenting with several similar 
coatings, black stock cellulose nitrate plastic, a celluloid product known as 
Pyralin, has proven satisfactory for pipe protection in corrosive soils, Ap- 
plied as .01” covering from rolls 8.5” wide and 3” diam. As used it a 
072 Ib. per 


sq. ft., is free from alcohol, has tensile strength of 8000 Ib/sq. in., 
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- becomes brittle at —20°F., softens at 220, begins rapid decomposition at 325 
of = and flashes at 525°F. Grease under-coating of pipe has proven best. For 
ee repairs, one coat of No-Ox-Id ‘‘A’’, or “‘A’’ Special, is applied to pipe cleaned 
_ with hand scrapers and gasoline, followed by 1 spiral wrap of Pyralin oye; 
smooth pipe surfaces, half soles and whole soles with lap of about 1”, [If line 
is especially inaccessible, 2 wraps of Pyralin are used. For use over collars, 
_ girth welds, ends of half soles or whole soles, Pyralin is softenedin liquiq 
: soln. of 1 part ethyl acetate, 3 parts alcohol and 4 parts water, though com. 
position may need slight adjustment to soften celluloid uniformly in about 3 

‘ am min. so that it may be easily formed without tearing. Edges and ends of form. 
a é fitted sheets lap adjacent smooth wrapped Pyralin and are cemented, If 
24 pipe is double wrapped, protection against slipping of 2nd coat may be neces. 
_ sary by cementing 1” strip of Pyralin along top of line. Satisfactory results 
_ were obtd. after 3 yr. test in corrosive soil. Experiments with pure rubber 
also give promise. Pipe is cleaned, special rubber adhesive applied, and when 
tacky, rubber is spirally wrapped with 50% lap giving covering of 2 thicknesses 
or about .04”, Curing soln. is then applied by brush followed by coating of 
_ parchment paper previously used to separate layers of rubber on roll, Paper 
must be used for temporary protection of rubber because curing soln. now 
used requires 7 days for complete action. After 9 mo. underground on 6’ 
line in red clay soil, much of paper had rotted and coating was wrinkled from 
stressing but still giving excellent protection. Rubber coating is not easily 
punctured by rocks or clods. Its ductility is approximately equal to that of 
automobile tire rubber though it may be permanently elongated before curing. 
_ Gives excellent fit around edges, welds and other irregularities. Rubber 
coating is not ready for market, since experiments are being made to develop 
— adhesive to bond rubber to pipe not cleaned to bright metal. Costs not given. 


With 9 illustrations.—Selma Gottlieb. 
ae Rejuvenating Old Pipe. Anon. Eng. News-Rec. 120: 716 (May 19, '38). 
a.  Beseile given of encasement in concrete in situ of 16” riveted steel pipe on 
i — Los Angeles water system in San Fernando Valley which had become so 
— _ pitted that early replacement seemed probable. Line built of 0.134” metal 
_ and operates under pressure of 70 lb. After cleaning, coating was applied with 

_ new type of machine driven by gas engine, concrete being fed into hopper and 
jacket extruded as device propels itself along pipe. Concrete completely 
pape 2 _ encases pipe, against which it is compacted by rotating lugs or blades of spiral 
shape. Machine design permits range of encasement thickness from }’ to 
ies : 4 or more. For pipe sizes up to about 24”, wt. of equipment without coun- 
- terweights does not exceed 400 lb. Practicable limits for speed of travel are 
% to 4’ per min., depending on size of pipe and thickness of coating, Los 
Angeles project was trial contract, lump sum price of $2.45 per linear ft. for 
 §00’ length of pipe, including uncovering and placing supports beneath pipe, 
cleaning pipe with an Adams cleaning machine, which drags chain with cut- 
ting fingers rapidly around pipe circumference, calking all leaks, placing 1} 
ou concrete jacket, spraying fresh concrete with sealing compound, and back- 
filling. Leakage was of 3 kinds: (1) from unwelded slip joints, (2) from pits 
Bs ooh through metal, and (3) seepage from riveted joints. All visible- 
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flow leaks stopped by calking, but if disturbance of concrete jacket prior to 
final set was. not threatened, tightness of concrete was depended upon for 
permanent stoppage. Concrete mix was 1:1:2, using standard cement, pea 
gravel as coarse aggregate, and 5 gal. of water per sack of cement. Crimped 
high-carbon steel wire in 3” lengths was added directly to mix at rate of about 
2.12 lb. of 14-gage wire per linear ft. of coating. Overlapping was estimated 
to be greater than 30 diams., indicating about same strength as with continu- 
ous, spirally wound wire with av. spacing less than 1”. Wire used averaged 
more than 1 strand to each sectional sq. in. of jacket. Wire is not a pre- 
requisite to success of process. To prevent too rapid shrinkage, seal coat was 
sprayed over concrete immediately. Repeated examinations during 12-mo. 
period revealed no indication of leakage. Subsequent experience has in- 
dicated that for pipe lengths exceeding 1 mi., cost per linear ft. varies from 
17¢ and 19¢ for plain and reinforced concrete, respectively, on 4” pipe (}” 
coating) to 74¢ and 86¢, respectively, for 16” pipe (1§” coating).—R. E. 
Thompson. (See also abstract in J. A. W. W. A. 30: 850 (May ’38)). 


Cement Lining a 48-inch Water Main in Toledo, Ohio. ANon. Am. City 
§3: 2:37 (Feb. ’38). Description of the method employed in cement lining in 
place of 17,000’ of 48” steel water main.—Arthur P. Miller. 


Steel Pipe Lining. ANon. Eng. News-Rec. 120: 17:12 (Apr. 28, ’38). 
Four bids ranging from $56,490 to $72,660 were received by Newark, N. J., 
on proposal to line, in situ, 21,000’ of 48” steel water pipe with 1:1 mixture of 
portland cement and screened sand. Lining, }” min. and 4” max., is to be 
placed centrifugally and 2-yr. guarantee required. The riveted steel pipe 
is 47 yrs. old. City will unwater line, clean it and make repairs and openings 
(with restrictions on no. of latter) required.—R. EZ. Thompson. 


DISTRIBUTION DESIGN AND MAINTENANCE 


Solution of Transmission Problems of a Water System. (Discussion of 
previous paper). Proc. A. 8S. C. E. 64: 591 (Mar. ’38). Warren E. WILSON: 
The fact that considerable experience is required to use the graphical method 
appears to be an undesirable feature of the method since it is possible to teach 
the Cross method to a group of students in a period of not more than a week. 
It would be difficult to develop the same proficiency in the graphical method 
in a similar period of time. Harotp K. Patmer: Writer gives graphical 
method for interpolation of solutions involving pipes other than the standard 
sizes given in the author’s original table.—H. E. Babbitt. (See J. A. W. W.A. 
30: 382 (Feb. ’38) for abstract of original paper). 


Economic Pipe Sizes for Water Distribution Systems. (Discussion of 
previous paper). Proc. A. S. C. E. 64: 983 (May ’38). Exiwoop H. Atprica: 
Assumptions in the paper not in accord with current practice include: (1) 
where pumping is required the only variable in cost of pumping is cost of 
power or fuel; capital and other operating costs of station and equipment are 
unaffected by the quantity pumped (2) unpredictable costs of pipe laying 
commonly add as much as 50% of the cost of the work (3) in determining 
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; y fication of design methods is a virtue. The Camp formula, though appar. 
ently complicated, is no more so than were such formulas as Hazen and Wil. 


_ “cut-and-try’’ methods to which previous practice has been confined. Ip 
the valuation of water works properties practice has been to estimate the value 

of pipe in the ground whether or not it represents the least tonnage required 
to serve the purpose. The application of the Camp method would make pos. 

— sible fairly accurate estimates of take-offs for determination of least tonnage 
in an hydraulically equivalent system. F. Knapp: Assuming that the take- 
i _ offs of a network system are distributed in such manner as to require pipes of 
about the same size, it is not admissible to “‘skeletonize”’ the system. Under 


conditions the writer is unable to follow Camp’s rules —H. E. Babbitt, 
(See J. A. W. W. A. 30: 382 (Feb. ’38) for abstract of original paper). 


Economic Considerations of Water Supply for Settlements. 
_ Scnorrz. Gas -u. Wasser 81: 273. (Apr. 16, ’38). Data are given comparing 
_-- water supplies under city conditions and in settlements with only single fam- 

- “ily houses with large gardens. It is shown that in the city about 22 times the 
__-water is used per unit length of distribution system than in the settlement. 
_ Suggestions are made to improve this unfavorable condition for water dis- 


tribution in settlements.—Maz Suter. 


ss Gast Iron or Steel for Water Mains. S. H. W. Mipp.eron. Surveyor. 
AN a (Br.) 93: 447 (Mar. 25, 38). An extract from a paper read before the Belfast 
and District Association of the Institution of Civil Engineers. The history 
of the development of lead, wood, cast iron, and steel pipe is reviewed. Ideal 
_ water pipe must be water-tight under all normal working conditions and must 
be of sufficient strength to withstand pressures; shocks due to sudden closing 
of valves and to air movements; external earth loads and ground movements; 
and shocks due to placing the pipe underground. It must also provide least 
possible friction for water flowing through it, and water-tight joints should 
be easily made. Cast iron pipe to fulfill these conditions is wasteful of mate- 
rial. Centrifugally cast iron pipe, of denser material is thinner than pit cast 
pipe and is smoother, causing less friction. With pressures over 100 Ib. the 
advantages of steel pipe become apparent. Methods for protecting steel 
against corrosion make it possible to design steel pipe by consideration of 
bursting only. In all internally-lined pipes the lining is likely to be damaged, 
particularly at the joints in the case of concrete lining, a defect difficult to 
remedy. Steel pipe, being built in longer lengths, reduces the number of 
joints required in a pipe line. For trunk mains over 18” in dia. carrying pres 
sures in excess of 70 lb. the bitumen-lined and sheathed steel main will become 
increasingly popular, but cast iron in some form has a long and useful life 
ahead for ordinary distribution piping. —H. Babbitt. bbe 


a economic size of a main over a period of years consideration must be given to 
a the total cost over the period (4) installation of a small main, followed by 
s ie _ subsequent duplication in later years, may be justified by savings due to | 
deereased capital costs and increased earnings. M.H. Kuracerwawn: Simck 

ae liams, Kutter’s, etc. which are now solved by special aids which are the result 
<a of long usage. The Camp method presents a valuable tool to supplement 
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Materials Available for, and Jointing of, Water Mains. (Discussion at In- 
formal Meeting). J. Inst. C. E. (Br.) No. 6: p. 19 (Apr. ’38). Steel is now a 
serious rival of cast iron for use in water mains. Other materials include as- 
bestos-cement and reinforced concrete. The joint is the weakest part of the 
main. It must be water-tight, made in the field, permit movement of the pipe, 
and transmit longitudinal tension. Types of joints include: bell-and-spigot, 
flange, victaulic, Johnson coupling, Stanton mechanical lead joint, the Baxter, 
and welded joints. The life of steel pipe depends on such factors as the char- 
acter of surrounding ground, and character of the water. In general, 24” 
steel pipe is about as small as can be conveniently used. Steel pipe coatings 
are easily damaged but the pipes themselves resist shocks better than cast 
iron pipe. Jointing of steel pipes is difficult. It is predicted that the use of 
spun cast-iron pipe will increase in diameters of 4” and 8.” Asbestos-cement 
pipe will probably not replace cast iron as it is not possible to tap and drill 
it satisfactorily. Steel pipes do not require flexibility in the joint as the pipes 
themselves are somewhat flexible, and by making a welded joint tension can 
be transmitted; but welded joints should not be used for pipes below 24” 
dia. Flanged joints should be used, as run-lead joints will not transmit 
tension.—H. EF. Babbitt. 


Use of Sinterit for Packing Bell and Spigot Joints in Water Mains. II. Orro 
HaNNEMANN. Gas-u. Wasser. 81: 151 (Feb. 26, ’38). Sinterit does not give 
as tight a joint in bell and spigot joints as lead and serves best as a retaining 
means over other packing, which must be tight. Leaks in joints packed 
with Sinterit cannot be eliminated without replacement of the packing 
material.—C. A. 


Cement-Lined Cast-Iron Pipes. ANon. Eng. News-Rec. 120: 726 (May 
19, 38). About 10 yrs. ago, San Francisco adopted cement lining of 12-16” 
¢.i, transmission mains as standard practice with view to maintaining max. 
capacity for longer period than would be possible (owing to tuberculation) 
with dipped c.i. pipe. Fabricated steel pipe is used for larger sizes. Cement 
lining is about }” thick applied centrifugally at the factory. When pipe is 
cut from outside with cold chisel, lining breaks out evenly and chipping never 
extends more than 3” from periphery of opening. No trouble attributable 
to cement lining has been reported. All pipes over 8” (next larger size is 12”) 
are classified as transmission mains and 8” and less as distribution mains.— 
R. E. Thompson. 


Reinforced Concrete Pressure Pipe for Water Mains. ANon. Surveyor. 
(Br.) 98: 606A (Apr. 29, ’38). 82,000’ of reinforced concrete pipe, 36” to 24”, 
has been laid in Montreal, Quebec. This was made by the Bonna system, 
and consists of a welded steel tube having an inner lining of reinforced concrete 
placed centrifugally and a shell of concrete on the outside placed by the aid of 
vibrators and reinforced by spirals and longitudinal rods. Probably the 
minimum size of pipe of this type which can be economically constructed is 
24”. Advantages are low cost, smoothness, water-tightness, in case of failure 
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is protected from exterior damage, and it is insulated against frost.~g. E 
Babbitt. 


7) 7.25-Mile Cross-City Pipe Line at Toronto. Anon. Can. Engr. 74; 16:3 
(Apr. 19, ’38). Construction details are given regarding the $1,500,000 pi 
eet line which will connect the new Victoria Park purification plant wi 4 
plant with the St, 
Clair Ave. high-level reservoir. Greater portion of work is being carried op 
in open trenches 10-20’ deep, but to carry pipe across Don Valley, under Dop 
R. and beneath railway lines 3 tunnels were required, 2 being 1600’ in length. 
The steel pipe, 48” inside diam., is fabricated in 30’ lengths (except where 
conditions dictate otherwise) and is lined and covered with concrete. Lining 
is 1.5” thick, reinforced with ” rods, spot welded to shell. Concrete jg 
deposited while steel tube is rotating at approx. 700’ per min. on inside periph- 
ery, speed then being gradually increased to and maintained at 2500! per 
min. until 70% of mixing water has been driven off. Sections are moist- 
cured for 10 days before delivery to trench. Concrete has min. compressiye 
strength of 1500 lb. per sq. in. at 28 days, but, due to density secured, lining 
tests approx. 7000 lb. per sq. in. Pipe is set on pre-cast concrete blocks of 
” same contour as pipe and welded to preceding section, exposed steel at joints 
covered with gunite and whole section enclosed in concrete envelope 41? 
‘thick. Trench is backfilled 48-72 hrs. later. In tunnel sections, after placing 
ss pipe the remainder of tunnel was completely filled with concrete. Shaft at 

Don R. tunnel is 186’ deep. Experiences with ground water in sinking this 
shaft are outlined. Line is divided into sections by twelve 36” gate valves, 
To prevent backflow, 2 automatic check valves are provided, connected by 
electric cable to pumping station. Drain valves and 4” air valves are placed 
at low and high points, respectively. Difference in elev. between pumping 
station and reservoir is approx. 264’.—R. E. Thompson. 


Record Unsupported Pipe. Anon. W. Cons. News 13: 52 (Feb. '38), An 
example of self-supporting metal pipe spans built in accordance with recently 
r developed theories is 2-105’ spans of 78” steel pipe to carry sewage across 
Platte River for City and County of Denver, Colo. Believed to be longest 
horizontal self-supporting pipe spar in world. Principle of design involved 
is in the prevention of distortion at the points of support, accomplished by 
“ jal fixing pipe at center pier and provided at both ends with expansion joints built 
into concrete structure. Design showed saving in cost of 22% over next eco- 
nomical design and was least obstructive to river. Pipe thickness varies 
from }” to }”. Designed for combined fiber stress of 9800 lb. per sq, 
sim. in pipe shell and 16,000 lb. per sq. in. in stiffener rings.—Martin E. Flentje. 


Stave Intake Pipeline Installed at Low Cost. L. H. Spauxpine. W. 


7 Cons. News 13: 80 (Feb. ’38). A new 10” Douglas fir wire-wound intake line 
oe 2000’ long was installed for $300 in Lake Pend Oreille for the water system of 
4 Sandpoint, Idaho. Line assembled on shore, pushed into water until full 

length floated and then weighted down with cement and weights to lake bot- 
tom, 15’ at inlet end. Entire job completed in 6 days time by foreman and4 


Pie 3 laborers. Total of 25,610’ Douglas fir pipe laid in Sandpoint in other parts ol 
system during yr.—Martin E. Flentje. 
| 
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World’s Largest Wood Pipe. EK. J. Cosens. Can. Engr. 74: 8:6 (Feb. 
22, '38). Construction of 5,887’ of continuous-stave wood pipe line, 17'6” 
internal diam., for hydro-electric development of Ontario Paper Co. at Out- 
ardes, Que., is described and illustrated. Staves milled from special grade 
Douglas fir and finished 4}4” thick. Butt joints of new patented double- 
tendon interlocking type. Staves also milled with longitudinal tongued and 
grooved edges, inside and outside faces conforming to diametral curvature 
of pipe. All stave material given 10-lb. creosote and oil treatment. Pipe 
supported on steel cradles 9’ c. to c. Steel bands used, 1” wide, spaced to 
suit head, with max. head of 120’ at lower end. Approx. 475’ of the pipe was 
built on curve of 1,100’ radius. Tests on pipe line satisfactory.—R. E. 


Thompson. 


The 18 Foot Diameter Steel Pipe Line at Outardes Falls, Quebec. A.W. F. 
McQuzen anv E. C. Mouxe. Engineering J. (Eng. Inst. of Canada) 21: 
181 (Apr. ’38). In design of Ontario Paper Co.’s Outardes Falls hydro-electric 
development, it was necessary to provide some 6,580’ of waterway, with a 
surge tank as an integral unit. Grade of upper 5,900’ permitted use of wood- 
stave pipe, 17/6” in diam (see accompanying abstract). Between lower end of 
latter and surge tank, grade dropped 62’ in 400’, design pressures in this sec- 
tion varying from 113’ to 177’. Of acceptable designs, lowest in cost was steel 
pipe on spread concrete footings, with insulation by backfilling up to horizon- 
tal diameter and wooden housing above. In design of steel line, which is 
dealt with at length, use was made of elastic theory of thin membranes, or so- 
called “‘shell’’ theory. The analysis of stresses in pipe by considering forces 
acting on a small elementary parallelo-piped of shell is discussed in detail. 
Plate thickness varies from }” at upstream to }” at downstream end, 
each ring being made of 3 plates. Short sections at each ring stiffener are }” 
heavier to take care of rim bending stresses. Stiffener rings were fabricated 
inform of circular plate girder with } X 18” web plate and 2 angles for each 
flange. Heavy bracket-type foot at each side, built of welded plate members, 
transmits load from pipe through rocker bearings to footings. Two slip- 
type expansion joints, to provide for longitudinal expansion, were included, 
one on each side of central anchor. To allow free movement of each stiffen- 
ing ring on its base, train of 4 rockers was provided on either side at each sup- 
port. All joints electrically welded. Prior to backfilling, lower half of pipe 
was given 2 coats of coal tar enamel, with intervening course of open-mesh 
asbestos fabric, and upper half 2 coats of coal tar paint. No coating was 
applied to interior. When filled, less than 9 mo. after letting of contract, no 
leakage was observed.—R. E. Thompson. 


Know Your Fire Hydrants. J. W. Sprapiey. Pub. Wks. 69: 4: 11 (Apr. 
38). Information and definitions pertinent to all makes and types of hy- 
drants given for use of anyone having to do with specification, purchase and 
operation. Size of fire hydrant is the gross or net diam. of the valve opening. 
Specification should clearly state size and kind of pipe to which hydrant is to 
be connected; usual 4” or 6”, sometimes 8”. Term “‘bury’’ means “depth of 
trench” which should be used instead of bury or cover. Hydrants usually 
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have 2-23” i.d. hose connections, but in rare cases size and no, may vary 
therefore size and no. should always be specified. Threads should be specified 
as National Standard or exact o.d. of hose threads and threads per in, given: 
if doubt exists male hose coupling should be used as gage. Pumper connection 
usually 43” i.d., if otherwise same precautions as for hose connections should 
be observed. Operating nuts or wrench nuts should be accurately specified, 
national standard nut is pentagonal measuring 1,5” from point to flat acrogs 
top and tapering to 14” point to flat at bottom. Other sizes of pentagonal 
nuts in use, also square and triangular nuts; pentagonals measured from point 
to flat, square or triangular across flat side. Direction to open (and not to 
close) hydrant valve is specified. Color of hydrant may be specified.—May. 
tin E. Flentje. 


Broken Hydrants—a Drain on Taxpayers’ Pockets. Howarp Law. Pyb. 
Wks. 69:1: 51 (Jan. ’38). Inquiries were made of 14 large cities regarding num. 
ber of hydrants broken during ’36, cost of repair and amount recovered, Ip 
Chicago 130 hydrants were broken with cost of repair being $17,625; 75 were 
broken in Detroit repair cost av. $75 each; in Manhattan N. Y. of 13,0% 
hydrants 152 were broken, av. repair cost being $50. In all cities cost of re- 
pair varied from av. of $14.58 to $135.59 per hydrant, in some cities approx, 
80% of repair cost is recovered.—Martin E. Flentje. 


Many Uses for Air Tools in Construction and Maintenance in Water Works 
- Plants. H. F. Buomquist. Pub. Wks. 68: 2: 27 (Feb. ’38). In emergency 
affecting water service, method of restoring service in shortest possible time 
must be used, secondary consideration being whether or not method is cheap- 
est available. Portable air compressor has come to have many uses, as in 
paving breakers; trenching; breaking rock, frost, concrete; driving sheeting; 
tamper; air hammer for caulking larger pipe joints; air hoist; etc. Other 
convenient apparatus is gasoline driven portable lighting system, power de- 
: vice for operating valves and many common tools. All should be kept in re- 
pair and ready for instant use. In a Village Water Department. CHARLES 
W. Heipt, Jr. 90% of the main breaks in Liberty, N. Y. are under brick or 
concrete pavements. A 120 cu. ft. air compressor with proper tools mounted 
on truck enables reaching mains in most cases within 1} hrs. In macadam 
_ eover and 15” frost this compressor and hammer will break 2’ wide strip, 36’ 
- longin1lhr. Uses 12 gal. gasoline in 8 hrs. In concrete pavement one ham- 
mer averaged 18’ of 18” wide cut per hr. through concrete 6” thick. Ina 
{ Large Water Department. S. H. Taytor. New Bedford, Mass. has owned 
__ geveral air compressors, present one a ’36 model, 160 cu. ft. cap. mounted on 
truck chasis with complete outfit hose, tools, etc. Used in breaking street 
pavement, trenching, hole cutting in stone and concrete, drilling ledge and 
- large boulders,—is indispensable for trenching in frozen ground. Also used 
7 for tamping ties in dept. owned railroad spur.—Martin E. Flentje. 


= Tests of a New German Material for Pipe Lines. Fruix WECKWERTE. 
ae. Gas-u. Wasser. 81: 130 (Feb. 19, ’38). German endeavors to reduce metal 
imports have led to the development of a pipe suited for hot or cold water 
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lines and consisting of a thin copper inner tube, covered with a layer of paper 
impregnated with a synthetic resin, so that the whole assembly is homogene- 
ous. The method used for making joints is illustrated; joints are easily as- 
sembled. The pipe was tested successfully at pressures up to 12 kg. per sq. 
em, and at temps. up to 65°.—C. A. 


Fiber Water Pipe. W. S. Parpor. Eng. News-Rec. 120: 322 (Mar. 3, 
38). Results of hydraulic tests on pipe used for some time for electric con- 
duits under name “‘Fibre Conduit’’ are shown graphically. Conduit had a 
coeff. of C = 150 in Williams and Hazen’s formula and a value of n = 0.0084, 
coeff. of roughness in Kutter’s formula for S = 0.01 and a value of n = 0.0086 
in Manning’s formula. The tests indicate a very smooth pipe with high 
capacity characteristics and since it cannot tuberculate capacity should be 
maintained. Material is a non-conductor and therefore not subject to hy- 
drolysis. It can be cut with hacksaw, machined in lathe, tapped for service 
connections and is very light and easily erected. Joints are made with ma- 
chined tapered sleeves which, in the test, were tight under 10’ and 50’ heads.— 
R. E. Thompson. N 

bs 
DISTRIBUTION STORAGE 


Earthquake Resistance of Elevated Water Tanks. (Closure of Discussion). 
Arruor C. Rugs. Proc. A.S.C.E. 64: 557. (Mar. ’38). For small ampli- 
tudes the period of vibration is considerably affected by initial stresses in the 
rods. As soon as the amplitude reaches values of some importance (say more. 
than }”) initial tension has very little effect upon the period—in fact, any 
earthquake of destructive character will necessarily induce amplitudes large 
enough to make the dynamical effect of initial tension negligible. Use of 
steeper slopes for the rods to obtain a maximum of elastic tower deflection is 
well taken, and if economy is not thereby destroyed, dynamic design is simpli- 
fied. In a structure equipped with the proper spring elements any torsional 
vibration would be quickly damped out since the elements come into action 
from torsion as well as from linear deflection of the tower.—H. E. Babbitt. 


Welding Standpipe Saves Money. Henry D. Darrow. Pub. Wks. 68: 
2:15 (Feb. ’38). Kingston, N. Y. has erected a welded steel, 1 mil. gal. stand- 
pipe to improve hill section pressures. Tank 68’ diam. x 38’ high. Design 
based on shell plate tensile stresses of 15,000 lbs. per sq. in. Electrically 
butt welded and efficiencies of welds allowed for at 80% with a min. plate 
thickness of }”. Expertness of welders tested by taking 1” drilled cores from 
welds and subjecting to boiling and etching in hydrochloric acid. Roof is 
ie” copper bearing steel (contg. 0.25% Cu.) Cost—$15,975, bids on a riveted 
standpipe $1000 higher.—Martin E. Flentje. 


Elevated Storage Aids Water Distribution. ANon. Eng. News-Rec. 120: 
571 (Apr. 21, ’38). Installation of 500,000-gal. elevated tank in southwest 
section of Holland, Mich., has eliminated distribution difficulties due to lim- 
ited capacity of wells which formerly supplied the area and made possible 
adequate pressure at all times for fire protection. Tank can be supplied _— 
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+ adjacent well field and from pumping station located in another section of 
pee Tank is filled during off-peak hrs.—R. E. Thompson. 


_ Settlement Causes Tank Leakage. E. M. Grime. Ry. Eng. & Maint 
84: 258 (’38). Leakage between the staves of railway wooden water tanks is 
i usually caused by unequal settlement of the tub by reason of decay or settle. 
cc ‘ment of one or more of the 21 supporting posts, that is, if the tank is kept 

reasonably filled with water. Use of steel frames on concrete piers will ob. 
-viate most of this trouble.—R. C. Bardwell. 


Adjustable Water Tanks at Heanor. P. H. Civ. Eng. (Br.) 3; 
«181 (Apr. 738). Also Wtr. & Wtr. Eng. (Br.) 40: 302 (June ’38). The installa. 
e tion is to counteract subsidence from colliery workings. The four “adjust. 
able’ elevated tanks are built of concrete, 36’ in diam., each with capacity 
of 82,000 gal. (Imp.). Each tank is set on 3 rocker supports so that any 
ground movement causing a tank to tilt will not set up indeterminate stresses, 
and when settlement takes place the raising of the supports by means of jacks 
will level up the tank again. The supporting structure consists of three 
columns connected by a 9” reinforced, triangular wall. The approximate 
cost of the tanks was £7,000.—H. E. Babbitt. 


Expansion Joints in Concrete Tanks. Henry D. Dewe.u. Eng. News- 
Rec. 120: 687 (May 12, ’38). Details are given of expansion joint design de- 
veloped for concrete walls and floors of tanks and conduits built in '323 
addition to water purification plant at Sacramento, Calif. Review of expan- 
sion joints in similar structures elsewhere indicated that all those investigated 
had given some trouble either during construction or in service. A require- 
ment was that joint would function satisfactorily in temp. range of 18-115°F., 
as such temp. might occur during cleaning operations. Joint adopted consists 
essentially of 1” separation of abutting edges of concrete slabs bridged by flat 
copper plate embedded in concrete of one slab and floated in soft mastic 
packed in 6}” recess formed of sheet-steel in abutting slab. Metal forms 
were made in shop, copper plates inserted and packed with mastic and the 
whole cast in edge of one of abutting slabs, leaving 6}” width of copper 
plate projecting for subsequent embedment in concrete slab yet to be poured. 
Provision for refilling recess with mastic, if necessary, was made by tapping 
sheet metal form with 4” pipes on about 2}’ centers, pipes to be kept 
closed except when replenishing with grease gun. After considerable experi- 
mentation, a special heavy biturine mastic prepared from refined coal tar 
pitch, natural rock asphalt, long-fiber asbestos and non-drying oils was se- 
lected and has given satisfactory service for nearly 5 yrs. without any main- 
tenance. Space between slabs on side of copper plate away from water face 
was filled with preformed asbestos and rubber joint-filler: on water side, mas- 
tic used in joint proper wasemployed. Total of about 300 linear ft. of vertical 
and horizontal, straight and curved joints of this type were used in wall, 
floor and roof slabs 10-12” thick. There has been no observable leakage and 
concrete structures are almost free of cracks.—R. E. Thompson. — See also 
J.A. W. W. A. 30: 402 (Mar. ’38)). ; 
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Clay Caulking Stops Tank Leak. Anon. Eng. News-Rec. 120: 586 (Apr. 
21, '38). A 50,000-gal. redwood tank about 30 yrs. old, owned by Marin 
Municipal Water District, Calif., developed leaks between bottom and sides 
when moved to new location. Opposite each leak a }” hole was drilled in 
staves deep enough to reach bottom board, a good quality uniform clay mixed 
with water to the consistency of thick putty was used for caulking and the 
hole plugged with a wooden pin. Permanent closure was effected.—R. E. 


Thompson. 


Utilization of Asphalt in Waterworks Structures. J. E. BucHANAN. Pub. 
Wks. 69: 3: 14 (Mar. ’38). Development of asphalt for lining reservoirs now 
taking place, possibilities of this material not yet fully detnd. Used in Saki- 
telle Res. of Los Angeles in ’25 in which 3” mixed-in-place asphaltic lining 
applied. Only maintenance since required done in ’36. Arlington Res. of 
Riverside, Calif., constructed in ’30 was given 2” asphalt lining at cost of 56¢ 
per sq. yd. Sides have 3:1 slope. Total of 1{ gal. per sq. yd. of 5C-2 liquid 
asphalt material applied, then hot asphalt, 200-350 penetration added at 4 
gal. per sq. yd. and covered with 80 lbs. per sq. yd. of 1” x }” crushed rock 
and rolled. Followed by j gal. hot asphalt, cover of clean coarse sand and 
further rolling. Iron Mt. Res. of Metropolitan Water District of Southern 
Calif. was given 6” asphaltic lining in ’37 at cost of 34¢ per sq. yd. for total of 
48,900 sq. yds. In use certain basic points must be considered; (1) asphaltic 
lining is flexible, within limits, and conforms to bank or base; (2) it is water- 
proofing and erosion preventing agent only, and not a structural element; 
(3) embankment should follow accepted construction procedure; (4) base 
must be firm and compact and sterile as regards weed growth; (5) lining must 
be well compacted and impervious; (6) currents that will create excessive drag 
or impact must be avoided; (7) burrowing animals must be cut off; (8) slopes 
should not be steeper than 2:1, or better 3:1; (9) lining should extend across 
bank to form apron and walkway; (10) berms and back slopes may be sodded 
or may be treated with low-viscosity asphaltic material. Material may also 
be used in protecting and waterproofing dams, in ditches, and for bank pro- 
tecting. Examples given of 2 bank protection jobs done at costs of 11¢ and 
13¢ per sq. ft. Composition of mixes used given.—Martin E. Flentje. 


STEAM GENERATION 


Foaming and Priming of Boiler Water. C. W. Fou_kx. Engrg. Expt. Sta. 
News, Ohio State Univ. (Oct. and Dec. ’37). Story of the 14 yrs. of research 
conducted by author and collaborators is told in clear and understandable 
manner. Foaming and priming is defined as the carrying along of liquid 
water in the steam; in short, carryover. A chance observation disproved 
common belief that droplets projected upward when gas bubbles burst on 
surface of liquid originate in the film of the bubble and later expts. showed 
that the droplets have their origin in center of depression in liquid surface on 
which bubbles exist just before bursting. When a bubble bursts, pressure 
causing depression is released and liquid rises, center of depressed area rising 
faster than the rest with result that a drop necks off and is thrown up. It 
was known that pure liquids do not foam, whereas most solns. do, irrespective 
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of whether dissolved substance lowers or raises the surface tension, i.e., posi- 
tive or negative adsorption. Study of this phenomenon resulted in the bal- 
anced layer theory of film formation. Bubbles (spherical films) on the sur- 
face of a liquid are produced by bubbes of gas or vapor rising through the mass 
of liquid and pushing up and extending the top surface layer. Liquid drains 
from between the inside and outside surfaces until equilibrium is reached, 
i.e., until two surfaces cease their movement toward each other. In pure 
liquids, there is no pause in the approach of the two surfaces and, conse- 
quently, no bubble is formed. In the case of solns., there is a difference ip 
concen. between surface layer and interior or bulk of the liquid, surface conen. 
being either greater (positive adsorption) or less (negative adsorption) than 
bulk concen. This occurs spontaneously against diffusion pressure and any 
force which tends to equalize concen. will be resisted by counter physico- 
chemical forces which tend to make conens. different. Upward push of rising 
bubble is not sufficient to overcome this resistance and, consequently, surface 
of soln. is pushed up by bubble, forming a spherical film. A mass of such films 
constitutes a foam. In solns. of both negatively and positively adsorbed 
substances, e.g., Na2SOQ, and soap, in such proportion that surface and bulk 
concn. are equal, no foaming occurs, while either substance alone produces a 
great deal of foam. Effect of elec. charges on bubbles is now being studied. 
In ’27, Joseph and Hancock reported, contrary to popular belief, that solid 
matter had no effect on carryover. In early expts. carried out in exptl. 
boilers, steel and glass, to investigate correctness of this statement, results 
were contrary to expectations: distd. water gave wet steam and strong salt 
solns. dry steam. Further study showed that peculiarities in design of the 
boilers caused water to appear to behave in exactly the opposite manner to 
that suggested by experience and theory. With distd. water, the small steam 
bubbles merged to make large ones, causing surges which resulted in slugs of 
water being drawn into steam line: in salt solns., in accordance with theory of 
foam, bubbles did not merge and surges or waves were not high enough to reach 
steam outlet. Continued investigation confirmed a previous observation 
- that solid matter loses its foam stabilizing properties on contact with hot 
boiler water, thus suggesting an explanation for Joseph and Hancock’s results, 
_ their procedure being to add solid matter to cold water and then heat boiler 
to desired pressure, which involved a considerable time of contact of solid 

- matter with hot water. Solids which stabilize foam collect in bubbles and 
thus strengthen them. All boiler water solids are heavier than water and 
- would sink unless not readily wet. Loss of foam-stabilizing power with 
greater or less time of contact with hot boiler water is therefore probably due 
to an increase in wettability. This theory accounts satisfactorily for behav- 
- jor of solids introduced from outside boiler but is not convincing in case of 
solids pptd. in boiler and, therefore, a modification based on possible effects 
of elec. charges on steam bubbles and solid particles is being considered. 
- Continuing the research with a new boiler, the so-called threshold values for 
carryover of NaCl, NasCO; and NaOH, under similar conditions and for par- 
ticular boiler used, were found to be 4235, 3946 and 3151 p.p.m., resp. The 
_ golids investigated in this stage of work, CaCO; and Mg(OH)s, were pptd. 

inside boiler, which, of course, involved formation of new dissolved salt. 
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Expts. on this point showed that the effect of the various salts is additive. 
It was also found that effect of solids varied with mode of formation, e.g., 
the reagents used and order of their addn. Later expts. confirmed belief that 
gross carryover is in nearly all cases caused by foam layer reaching the steam 
outlet and showed that thickness of foam goes through a max. as concen. of 
foaming salt is increased, or, if a max. is not reached, thickness of layer no 
longer increases after a certain point. Among the many questions which in- 
vite study are the hypothesis that elec. charges on bubbles and particles of 
solid matter in a boiler water are detg. factors in foaming and the mechanics 
of the action of antifoams. For example, a few thousandths of 1% of castor 
oil instantly destroys foam in boiler water but effect is not peri The 
finding of a substance with the same property, but permanent in its effect, is 
a research problem of first magnitude. An annotated bibliography of 13 
publications from author’s lab. is appended.—R. E. Thompson. See also 
previous abstract in this Journal 30: 548 (Mar. ’38). 


Boiler Water Treatment. New Methods for Preventing Embrittlement. 
F. G. Srraus anp T. A. BrapBury. Mech. Eng. 60: 371 (May ’38). Re- 
search has been carried on by the authors to bridge the gap between laboratory 
research and actual boiler operation. Embrittlement requires both certain 
chemical qualities in the water and also a combination of special physical 
conditions in the boiler. A testing unit has been built to simulate these 
physical conditions. Unit is small and a battery of them is in service, testing 
many samples at once. A specimen not breaking after 30 days on test is con- 
sidered unaffected by embrittlement. Most specimens break within 24 hrs. 
if embrittlement is present. After a sample of water has caused embrittle- 
ment various chemicals may be added to the water to see what type of treat- 
ment would prevent failure of the test specimens. Samples may be sent in to 
this laboratory for analysis. Fees for this work go to support boiler water 
research. These tests show: (1) For steam pressures up to 250 lbs. per sq. in., 
embrittlement may be prevented by maintaining the sodium chloride content 
in the boiler greater than 0.6 times the total alkalinity expressed as sodium 
carbonate, along with the sodium-sulfate content greater than 1.0 times the 
total alkalinity; (2) For steam pressures between 500 and 1400 lbs. per sq. 
in., the A.S.M.E. ratios do not prevent embrittlement. A soluble R,O; con- 
tent greater than 0.6 times the SiO, content of the boiler water appears to 
prevent embrittlement at these pressures; (3) For steam pressure of 350 
lbs., both the above methods seem to be effective in preventing embrittle- 
ment, although the necessary quantities may vary.— Homer Rupard. : 
Carbonaceous Zeolites—An Advance in Boiler Feedwater Conditioning. 
H. L, Tiger. Trans. A.S.M.E. 60: 315 (May ’38). The increased number of 
modern high-pressure steam boilers emphasizes the need for high-quality feed- 
water make-up of minimum scale-forming and minimum total-solids content 
consistent with the desired sulfate-carbonate ratio. The usual sodium ZeO- 
lites hitherto known, which exchange their sodium base for calcium and mag- 


total solids or alkalinity. The new hydrogen zeolites described i in this paper 
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retain the simplicity and complete hardness-removal characteristics of geo. 
lite softeners and at the same time eliminate the alkalinity with (a) corre. 
sponding reduction in total solids and CO; content of steam, and (b) incregge 
in the sulfate-carbonate ratio. Furthermore, they remove alkalinity present 
in any form; thus, for the first time in history it is possible, by simple economi- 
cal means, to remove sodium alkalinity often found in raw waters. When the 
capacity of hydrogen zeolites is exhausted, they are regenerated by dilute 
acid solutions in the same manner as a salt solution is used to regenerate 
sodium-zeolite softeners. By combining the hydrogen- and sodium-zeolite 
effluents in correct proportions, or by alkali neutralization, it is a simple 
matter to obtain a feedwater completely free from hardness and of any desired 
alkalinity. Hydrogen zeolites are made of carbonaceous substances and are 
therefore practically free from silica. They can also be regenerated with 
common salt, and with such regeneration they can function in the usual go- 
dium-zeolite cycle. Being extremely resistant to low pH waters and practi- 
cally free from silica, and of relatively high capacity, they also possess great 
advantages when used in the usual sodium-zeolite cycle, especially where it 
is desired to avoid any increase in silica content, a condition that is gaining 
favor rapidly in the high-pressure-boiler feedwater field.— Homer Rupard. 


Boiler Feed Water Treatment at a High-Pressure Station. Suepparp T. 
Irvin G. FRANK Henry. Ind. Eng. Chem. 30: 
400 (Apr. ’38). Rochester Gas and Electric Corp. has increased its electric 
generating capacity by superimposing 700 lb. boilers and turbines on existing 
210 lb. station. Feed water supply obtained from Genesee River averages 170 
p.p.m. hardness, but fluctuates between 70 and 340 p.p.m. Turbidity also 
varies widely, and sewage pollution occurs. For old plant, water was softened 
to less than 20 p.p.m. in a Seaife intermittent cold lime-soda plant which 
also decreased total solids and turbidity. For 700 lb. boiler, settled Scaife 
effluent is deaerated and completely softened with disodium phosphate in a 
Cochrane hot process softener, and filtered in pressure filters through silica 
free magnetite. For greater safety against corrosion, 1 to 6 p.p.m. of sodium 
sulfite is added continuously to feed water. Additional phosphate is added in 
slugs for each 50,000 lb. of water fed to boiler. Sodium sulfate aids in correet- 
ing sulfate-total alkalinity ratios for protection against embrittlement. 
Typical analysis of treated water shows zero hardness and turbidity in pres- 
sure filter effluent and boiler blowdown, phosphate being respectively 3.9 
and 62 p.p.m. and total solids 286 and 3711 p.p.m. High pressure boiler is 
equipped with steam washer, first operated as two-stage system, now with 
excellent results in one stage. Steam is washed with boiler feed water. 
Recorded specific conductance readings indicate less than 1.2 p.p.m. of solids 
in steam at saturated steam header of superheater, and steam contamination 
of serious nature has been very infrequent. On test runs boilers have been 
allowed to concentrate to 7000 p.p.m. before carry-over became apparent. 
One high pressure turbine opened after 3 mo. operation showed no deposits on 
blades; another has run 11,800 hrs. without showing loss in capacity. Low 
pressure boilers are now furnished directly with exhaust steam from high 
pressure turbines, after desuperheating. With old lime-soda softened feed 
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water, carry-over from boilers was appreciable, causing hard, adherent scale 
on turbine blades. When examined after operating 18 mo. on steam from high 
pressure plant, blades showed no deposit or attack. Laboratory control 
provided 24 hrs. a day in 3 shifts. Laboratory equipped with sampling coils 
furnishing boiler feed water and boiler water samples. Samples are taken 
every 4 hrs. or oftener for detn. of alk., hardness, phosphate, sulfate, chloride 
andpH. Feed water line has continuous pH recorder. Conductance of steam 
is measured continuously by condensing, degasifying, and detg. conductance 
in gold electrode cell equipped with gold cased resistance thermometer. Re- 
cording equipment compensates for temperature deviation and records con- 
ductances corrected to 25°C, giving measure of soluble salts in steam. 
Installation of similar apparatus for boiler feed water is under way, and 
other automatic analytical procedures are being studied. Exhaust from 
low pressure plant is only partially recovered and requires high percentage of 
makeup water. Genesee River flow has varied between 200 and 46,300 c.f.s., 
accompanied by extreme fluctuations in turbidity, sometimes difficult to 
remove. At such times, old millrace is used for presedimentation and water 
dosed in it with copperas and lime, then flowing to settling basin supplying 
Scaife plant. Installation of new 210 lb. surface condensing turbine yields 
enough 115°F. water to supply makeup to entire plant, and has made advis- 
able conversion of intermittent Scaife plant to continuous softener.. Tanks 
in new installation are divided into upper and lower compartments with 15:1 
volume ratio. Water from reaction tower enters upper compartment tangen- 
tially at top, flows down under partition, up to top of smaller compartment, 
and out. Sludge accumulates in upper compartment and is flushed out once 
aday. Piping, etc., for intermittent treatment has been left in place to make 
possible intermittent operation if necessary. Turbidity has seldom exceeded 
5 p.p.m. and has been low enough during high river turbidity to give hope that 
millrace sedimentation will no longer be needed. Original magnetite pressure 
filters caused trouble after 10 mo. due to upset beds, channeling and mud 
balls. This has been overcome by substituting Anthrafilt (anthracite coal) 
for fines of the heavy magnetite. Precipitation of calcium phosphate in boiler 
depends on ion concentrations, temperature and pH, and is prevented by 
maintaining phosphate at 2 to 5 p.p.m. and reducing pH of Cochrane filter 
effluent from around 10.1 to 8.8. Concentrated sulfuric acid is fed through 
control mechanism integral with potentiometer recording pH of feed water 
and with a Bailey flow controller, thus compounding effects of pH and flow 
variations. Acid is diluted by stream of water by-passed from boiler feed 
supply, and diluted solution is pumped back into boiler. Combination regu- 
lator gives fairly steady pH. Min. pH to avoid corrosion is detd. with pol- 
ished boiler plate test specimens inserted into inlet and outlet of economizer. 
Use of sulfuric acid decreases sodium sulfate needed to maintain proper 
sulfate-alkalinity ratio. Total chemical costs have varied from $4.58 to 
$1.23 per mil. lbs. of water plus a little less than $3 per mil. lbs. for primary 
softening. Costs are lower since use of acid for pH control, and total solids 
entering boilers and percentage of blowdown required has also decreased. 
Numerous internal inspections of boiler drums and tubes show no scale forma- 
tion. Fairly heavy calcium phosphate deposits occur in steam washer section 
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_ but apparently cause no carry-over. Boilers can be kept on line safely for 
_ 75 days without too much phosphate sludge accumulation, and have been rup 
100 days. Longer runs are anticipated with condensate returns from ney 
25,000 kw. condensing turbine. Turbine 1, in operation since Apr. ’36, hag 
not required turbining of boiler for scale removal, phosphate sludge being re. 
movable by stream of water from high pressure hose.—Selma Gottlieb, 
_ Improvements in Power Plant of the Gardner-Richardson Co. Arruur R. 
Harvey. Combustion 9: 7:29 (Jan. ’38). A new boiler of 130,000 Ib. per hr, 
rated capacity operating at 450 lb. pressure has been installed at the Lockland, 
Ohio plant to complete a program of power plant improvement. Av. monthly 
efficiency is now 84.3% as compared with 70% previously obtained. Feed 
water treatment consists of cold-process, intermittent lime, and soda and 
sodium aluminate softening using three 32,000-gal. treating tanks and two 
sand gravity filters. Water of less than 1 g.p.g. is delivered to the storage 
tanks. Continuous treatment of this water at 215°F. with disodium phos. 
phate and subsequent settling and magnetite filtration, precedes the addition 
of ‘‘Nalco No. 8’’ which suspends the boiler concentrates in a sludge which 
can be readily blown down. Hourly electrochemical tests are made to deter- 
mine opening and closing of the calibrated blow-off valve.—T. E. Larson. 


A Thermodynamic and Colloidal Interpretation of Published Studies on the 
Corrosion Cracking of Stressed Mild Steel in Water Solutions. J. A. Tasc. 
Proc. A.S.T.M. 37: Part II: 588 (’37). Caustic embrittlement is considered 
as a corrosion phenomenon with water supplying the oxygen for the formation 
of colloidal Fe;O, in the presence of NaOH which acts as a peptizing agent. 
This peptizing action is arrested by the presence of colloidal silica which 
protects the ferrite. Corrosion is therefore concentrated to impurities and 
at grain boundaries. Stress increases the chemical activity of grain bound- 
aries and produces anodic areas which finally result in submicroscopic cracks 
acting as focal points for further corrosion. This colloidal theory is substan- 
tiated by the fact that the region of silica concentration which decreases the 
corrosion rate of powdered iron is the same region identified as that producing 
maximum embrittlement.—T7. Larson. 


Decomposition of Sodium-Sulfite Solution at Elevated Temperatures. W.0. 
Tarr, H. F. Jounsrong, F. G. Srravus, Trans. A.S.M.E. 60: 261 (Apr. 38). 
The trend toward higher steam pressures has stressed the necessity of the 
elimination of oxygen in the boiler feed water. Sodium sulfite is one chemical 
used for this purpose. Experiments were conducted to determine the effect 
of high temperature on sodium-sulfite solution as used in boilers to prevent 
oxygen from the feed water from attacking the steel. The results of the ex- 
periments are compiled in tables and graphs showing the decomposition of 
the sodium sulfite for different values of time, temperature, and pH. The 
results show that solutions of sodium sulfite decompose into sulfide, sulfate, 
and thio-sulfate at temperatures above 530°F. Variation of the pH of the 
solution from 9.5 to 11 had no effect on the rate of the reaction or on the pro 
portions of the decomposition products formed. The reaction is determined 
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for to be of the first order and the value of the heat of activation is determined. 
“un —Homer Rupard. 
: 
! Silica Scale Prevention. D. W. Harrinc. Power Plant Eng. 42: 331 
re. (Mar. ’38). A control system is outlined to indicate improper treatment for — 
silica scale prevention. Should the silica chloride ratio of the boiler water be — 
less than that for the raw water, it is evident that silica is being removed from — 
R, solution. If this ratio is greater than that of the raw water, scale is being == 
rr, removed. Data are presented for verification and treatment methods are | 
d, proposed.—7. E. Larson. 
M Test for Oil in Boiler Water. W. F. Scuapnorsr. Drugs, Oils & Paints — 
id §2: 458 (’37). Place the feed water in test tube to depth of abouticm.and =| 
70 shake with thumb over end. Accumulation of bubbles on surface of wateris = 
ze almost positive proof of presence of oil.—R. E. Thompson. ib ae 
4 Evaporation of Boiler Salts. The Possible Salt Content in the Steam by 
h Pure Evaporation. B. Kocu. Mitt. Forsch.-Anstalt. Gutehoffnungshiitte 
Pe Oberhausen A.-G. 5: 206 (’37). Quantity of salt which can exist by pure __ 
evapn. in steam is theoretically investigated by new application of formula a : 
of Duhem. Salts in steam are not due to evapn., but are carried from water 
e by the humidity of the steam, as even at very low speed perfect drying is a 
, hardly attainable. Humidity to extent of 0.1% gives, for 2000 mg./kg. in 
1 the boiler water, 2 mg./kg. salt in the steam. These considerations have a a 
bearing on corrosion resistance of boiler material.—R. E. Thompson. 


of 
STEAM PLANT CORROSION 


Condenser Tube Corrosion: Some Trends of Recent Research. R. May. | F 
Trans. Marine Engrs. (Sept. 37). Reviewed by C. H. S. TupHotme. Ind. — 
Eng. Chem.-News Ed. 15: 543 (Dec. 20, ’37). With steam turbines most te 
corrosion of condenser tubes is corrosion erosion caused principally by bubble 
impingement. Improved condenser design and use of 70:30 copper-nickel 
tubes or aluminum-brass tubes have helped. Corrosion in condenser tubes 
is electrochemical and is due to differences in potential over surface caused by _ 
irregular distribution of oxygen, metal ions, foreign matter, and formation and | 
breakdown of films and scales. Use of iron protector blocks to protect tube 
ends has given protection farther down tube, possibly due to protective filr 
of iron rust on tube surface. 70:30 copper-nickel and 76:22:2 aluminum brass 
show greater resistance if protective film is formed in water containing iron — 
compounds. Tubes 70:30 copper-nickel, aluminum-brass and a number of | 
proprietary alloys have very high resistance to bubble impingement but _ 
resistance to pitting varies, sometimes unaccountably. Copper-nickel is | 
most reliable as regards pitting, since pits widen rather than deepen, and _ 
then become stifled by formation of new protective film. Aluminum-brassis — 
more resistant to start of pitting, but in very corrosive conditions, pits deepen. | 
Resistance to impingement attack is main requirement in marine plants, 
though severe working conditions may require improved impingement resist- _ 
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ance without lessening resistance to pitting and other types of attack, Be. 
havior of copper-nickel and aluminum-brass can be varied considerably by 
small changes in composition, e.g., resistance of aluminum-brass to dezincif. 
cation and deposit attack is improved by presence of arsenic in the meta} — 
Selma Gottlieb. 


Determination of Magnetic Iron Oxide as a Measure of Corrosion of Boiler 

Superheater Elements. R.C. Utmer. Ind. Eng. Chem.-Anal. Ed. 10: 9% 
(Jan. 738). Treatment of corroded boiler superheater elements with inhib. 
ited hydrochloric acid (100 parts by wt. of conc. HCl, 2 parts antimony oxide 
5 parts stannous chloride) removed coating of magnetic iron oxide in 30 min, 
Rate of attack on oxide-free specimens averaged about 0.3% of total logs in 
wt. of corroded specimens. Inhibited HCl soln. may be used repeatedly but 
should be discarded when it becomes yellow.—Selma Gottlieb. 


Controlling Corrosion in Steam and Return Lines. M.E. Dreyrus. Power 
Plant Eng. 42: 274 (Apr. ’38). Maintenance of suitably high pH and treat- 
ment with special volatile amines is proposal for prevention of corrosion by 
condensate as well as in the boiler above the water line.—7. E. Larson, 


Electrolytic Control Decreases Maintenance. C. Hammonp. Power Plant 
Eng. 42: 206 (Mar. ’38). Scale deposit and corrosion are prevented in a 
Brooklyn milk plant by making the metallic hot water heaters and entire 
piping system cathodic to anodes in two tanks separate from the system. 
12.5 amps. at 12.5 volts is the current consumption in comparison to the } 
to 1 kw. hr. consumption per 1000 sq. ft. of container area which is ordinarily 
required. The high sludge concentrations obtained required extra piping 
_ for back-washing alternately the heaters and tanks containing the anodes.— 
T. E. Larson. 


_ Thermal Current as Cause of Corrosion. Observations and Experiences in 
Practice. H. Krenn. Arch. Warmew 17: 115 (’36); Tech. Gembl., 40; 274 
- (37). Author describes investigations concerning corrosion of turbine wheels 
which indicate that the corrosion was due to production of thermo galvanic 
currents by the transmission of heat from one part of the metal to another and 
into the liquid. The part played by cavitation is considered. Corrosion 
occurs where gas bubbles formed by electrolysis accumulate, i.e. in cavitations 
or at points where there is little flow of liquid, and may occur on non-metallic 
surfaces. Examples of corrosion in water power plants, superheaters and 
boilers are described. Known methods of preventing corrosion by the use of 
resistant materials and protective electric currents and the design of plant 
are outlined. Methods described include the prevention of transmission of 
heat by the introduction in parts of the plant of materials which do not con- 
duct heat or by equalizing the temperature of the metal parts.—W. P. R. 


Corrosion-Resistant Steels for Turbine Blades. J. H. G. MONYPENNY. 
Korrosion u. Metallschutz 13: 365 (’37). Corrosion re in turbine 
operation, mech. characteristics of corrosion-resistant steels suitable for tur- 
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bine blades, their corrosion behaviour as affected by heat treatment, proce- 
dure in fabricating and fastening are discussed in detail. For steam free from 
chlorides, steel contg. 12-14% Cr has sufficient corrosion resistance for blade 
service up to operating temp. of 500°C. Low-C material of this group, so- 
called rustless Fe, is more suitable than that of higher C content. For steam 
contg. chlorides, Cr-Ni steel contg. 16-20% Cr and 2% Ni, and austenitic 
Cr-Ni steels, especially of 18-8 type, are suitable provided they show no 
tendency towards intercryst. corrosion. To det. this tendency, testing method 
involving application of heat gradient to steel bar followed by corrosion test 
in NaCl soln. is suggested.—R. E. Thompson. 


Hardened Blade Edges as Protection Against Erosion in Turbine Blades. 
H. Zscuoxke. Korrosion u. Metallschutz 13: 386 (’37). Process of harden- 
ing only part of blade edge, while remainder stays soft and ductile, is dis- 
cussed. Such blades, made of air-hardening stainless steel, showed excellent 
results in exptl. turbine in comparison with 14 other steels. In 23,600 oper- 
ating hrs., attack on these partly hardened blades was 1/12 that on other 
blades under test.—R. E. Thompson. 


Destruction of Metallic Materials by a Water Hammer. M. von ScHwarrz 
W. Mantev. Korrosion u. Metallschutz 13: 375 (’37). Results obtained 
in cavitation expts. on various ferrous and nonferrous alloys by means of drop- 
impact app. are reviewed and illustrated by photomicrographs. Resistance 
against cavitation seems to increase with wear resistance of alloy. Impor- 
tance of fine-grained and uniform structure is stressed.—R. E. Thompson. 


A Copper-Silicon Alloy to Replace Pure Copper in Hot-Water Apparatus. 
K. Kaiser. Z. Metallkunde 29: 263 (’37). Alloys of Cu with 0-4.34% Si 
and 0-1.2% Mn were prepd. and their phys. properties examd. Alloy contg. 
2.2% Si and 0.8% Mn was selected as most suitable for hot-water app. It 
has sp. wt. of 8.8, m.p. of 1020°C. and thermal cond. of 0.135 Cal/° cm. sec. 
(18°C.). It can be worked satisfactorily hot and cold and is more resistant 
to corrosion than pure Cu. Primarily effect of Mn is to preserve fine-grained 
structure while Si improves physical properties.—R. EH. Thompson. 


Economy of Hot Water Systems. Eng. Cont. Rec. 50: 93:17 (’37); Chem. 
Zbl. 1: 394 (’38). The addition of sodium silicate only prevents corrosion in a 
water heating system at a limited distance from the point where it is added, 
and it favors deposition of scale. The use of glucosides and alkali glucosates 
is discussed.—W. P. R. 


PUMPING EQUIPMENT 


Centrifugal Pumps for the Colorado River Aqueduct. Roserr L. 
Davnerty. Mech. Eng. 60: 295 (Apr. ’38). Aqueduct will carry 1040 
m.g.d. a distance of 300 mi. Total lift 1634’, requiring 330,000 hp., which is 
largest pumping project in the world. Five stations, with lifts from 146’ 
to 444’ will be used. Nine pumps (one spare), 130 m.g.d. each, in each station. 
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hp. motor per pump. Cost of plants will be $12,000,000.; annual power eogt 
$4,000,000., making 1% difference in efficiency cost $40,000 per yr. Magni. 
tude of project warranted extensive laboratory tests, conducted at Calif, 
Inst. of Technology. First step was to test and analyze pumps of different 
types, then draw up preliminary specifications based on these tests and op 
opinions received from manufacturers. Then each bidder submitted a model 
pump for the highest head, which had to meet the specified performanees, 
Scale ratio of models was 6.33. Capacity was 7y. Average of max. efficien. 
cies from model pumps was 88.9%. Contracts were then awarded to various 
manufacturers for the different head pumps. Each contractor had to submit 
a model of the pump for which he had a contract. These were tested for 
efficiency, cavitation characteristics and shaft deflection, caused by inequali- 
ties of pressure in the volute casing surrounding the impeller. It was found 
that stiff shafts resulted in negligible wear of the clearance rings, The large 
size of casings and high pressures resulted in special ribbing and stiffening 
of the casings. As result of the tests, single stage pumps were specified for 
all heads. Simplicity of single stage units outweighed the higher pump 
efficiencies possible from two stage for the high heads. Higher rotative 
speeds were specified than the manufacturers were originally willing to offer, 
Cavitation studies determined exact setting required for each group of pumps. 
An estimated saving of $1,400,000 in the equipment cost for the project re- 
sulted from these tests.— Homer Rupard. 


The Transmission of Power by Fluid Couplings. Haroup En- 
gineering (Br.) 145: 487 & 551 (Apr. 29 & May 13, ’38); The Engr. (Br.) 166; 
486 & 518 (Apr. 29 and May 6, ’38). The most numerous problems which arise 
in the transmission of mechanical power are those which concern starting and 
stopping, and transmission at variable or adjustable speeds. Hydraulic 
couplings are being largely used in place of electrical or frictional methods of 
transmission. Variable-filling fluid couplings are most commonly used for 
speed regulation in connection with constant-speed driving motors; control 
of the quantity of fluid in the working circuit being effected by means of 4 
scoop tube which maintains a constant circulation through an external circuit 
of liquid drawn off from the working chamber. Constant-filling fluid cou- 
plings, permit easy starting because the drive is taken up smoothly and auto- 
matically as the engine or motor is accelerated and, at normal speeds, it has 
an av. efficiency of 97 to 99%. Several interesting hydraulic proposals have 
been made for reducing the drag torque of a constantly-filled coupling by giv- 
ing the vanes of the impeller a backward bend relative to their direction of 
rotation.—H. EF, Babbitt. 


A Steam Turbine-Pump Unit in Darmstadt. Ricuarp BampBaca. Gas-u. 
Wasser 81: 254 (Apr. 9, 38). The city of Darmstadt set up a steam turbine 
to drive a pump av. capacity of 3800 gal. against 470’ head. Steam is used at 
164 lbs. pressure and temperature of 375°C. (706°F.). The turbine runs at 
5500 r.p.m. which is reduced to 1660 r.p.m. for the pump. The condensing 
water is the drinking water to be pumped. The saving in coal is reported to 
be 31% of the requirements of the old pumps.—Maz Suter. ov Tit jam 
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